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• V G ' i!^ ^ *'USJM~UI HINIE^^^ i'^c^t? 
CtrUfiea timX %M voi^ PM»«iit«d in tliie 
XbuBiM la tb« oxigiRAl muM of Rir. B«ibiA M-fffmrnXt 
( fxmaoA tvmaJt 7«SDR ) 
1 
'X'h6 preaont tuB&i& iiiaiud^e tha la8*r *i£uniui aiui 
ififruxwd speotm df 0i«t»»fX^rotN»£isioio tMidf uxthoi* una 
^ofr^^^rsii apeotsft ot oymi^ulaoX and altroqulaal aod Xu>or 
Qtiinol lisve »1&9 b«t<in rti^d^rittd* vi«jrati9Qiftl jtrequer^ios 
dliaervod in the Xaasr iiatttan &|)dOt£» hav« l^ oaa 09ri^X-.tdd 
yiltii th9e« oisliaiiied in %im toffarod epdotxa, 
.« na^ va utinrtmd uitli Ceti®]:^ l^troduetido* *iiic- lur l 
d#iJkX6 ttith tis« g«o«r>iiX ttmoxy Q£ th& ^>X€3uXar ?ib2?utians 
}l»8«rv«d in thd intrtii^ea nMnd Hwmtn Q^atva, of poX2r t^^ i4.a 
noXecuX©© with part ioiaar •©phaeiJi an tha viferutioiaaX 
rpoctr^ of b«iia9n« whJU»h pxo^idfts a i^dii^ig Xlne for t !^ 
stti4i®6 in tii$ vitortionaX apeetra a£ suljetitutdd l^ or i^^ noe 
and othmr sisaiXar maX^csid^s* 
j^ ««xw>inf]^ r94 liyootstt )f ®0t&»fXt^£obdnaoiG aoid* ivo LUV@ 
ar^aXysed th® CJ^ J»»^ 8tat« vibrs&tior-s »f ta le maXeouic 
^«^^rv«d in t l ^ X&sar .*a@an aim ii'ifr<4red»sp«etra» 
iusuotjr iat ie i.m^Qm 'jrouaa et^t© iribrutlon hu© &eun 
aafci^jii^a a t 250 j s * ' . la tba i -s^r fvi«®aa BpectriiE I t 'u© 
Da<3n foond «t 2»>l? ^ " ^ . 'Jhis i s *B out-of-i.l^s^ vibr. t i oa . 
*'his *»Aigfwent , igr^s with ti»e £cr.l,:;^i«at OAda ia ..ar.wjia 
JL 
moLA tor th» e«at tyyt of •ibz^tion* Sieil&r aB&igsoente 
tav« ^ton a»dt far eallajrlio «old rni^ phthallo ««i4 wnioli 
i e avaiUbX* in t te Utemtust. a«f stMtolilng vii»st.tia& 
has i»»«ii ototaiatd i e this a^Isoult at 1295 om in 
infr^xsd spsetrw ikad s t 1290 sa*^ in lassr Usasii speotrui. 
In 2Baet :tt ths s s ta- st^betitutsd l»efw«a«e O-^ etftttcbing 
Tit^v^tion im» basn repoxtsd osar a1>oiit ths esias v&aus* 
0«a towioa vi^xiktioa has hss& ssslgBsd at 115 (BET^  in 
tht fair Inim^fA spsdtnn of tb« emm solsetiis . I^ hio lisis 
bsen sup,.«xt«4 ^ ths assignaents m«ids in Tarioue ffist^at* 
suhstitutsS \mtia^l0 odspouads* i^dsoi^n bond fimaai:^atals 
hairs hssa asiiignsd at 67 aod 150 M T ' oorxssponding to 
iQrdxogsQ l^ad fundaasntaJs 1^ . «EI4 ^ ^ sssigasd in t l^ 
s&ss of t>sns9lo sold* Our rsesasoh i^psr *Xnfittx«d spdotsun 
asta»f Inorohonsoio aeid hss bssn siO^lisbsd in XadiAn J • sf 
Jhixs and 4ppX, Phy»* l i t 1117 (1961 )• 
Cim,p%9x XX inoludss ths infsiuevd sad £a»»infjm£ed 
spsotsa df oyn0quim>X and aitso^uiaoX. us haTs aimlyo@d 
ths grsuBd stats vit»xatid»s af th^ss t«» asXsoaXss aboorvsd 
in infr^rsd and fajik»infia«sd spsotf«^« C h§ur«oteristio •i^m 
stcstahiog vihsatlQa has bssn aasignsd ^% 730 seT^ in both 
ths iBoXsottlss, fhsBs aasigsffisat agsss with ths ^sni^iissnt 
SHMIS in hsesaie aoid* pathaXie acid &xi^ pam* fXnoropl^ ^^ noX 
%f^ oh azs aTaiXshXs in ths Xitscatuj^. fhs C»CB def3S93ati9n 
•ibjKition has hssn assigiisd at 260 oa**^  in hgth ths ^i^ootsa. 
m 
11§0 QHT^  in tilt oyiaoqtti^l* S i ^ asslgamat ^gxees ^ t h 
tb9 AselgosMat tmM la oftbo* aod f^txai* fluoxobdasonitrllA 
and i£^ r»» and netn^ awtfaarlbtiBSo&itriltf t^eli ! • sviilli^blo 
in tte lit0Xi»t«MFt« 1^3* &««3S bv&diog oiil--ol«iiIftii« •il»SQ)» 
tion iia« tw«a *ssigii»d m% 4^0 on ia %tm oyno^oiudl 
isol9oul«, StUs aa«igniMo% agnMift with tiM assi^natot at 
em%»m and |ajE»» soti^bttosonitsil** f ht C ft 8 stvetohing 
•ibzvitioa huB to«a aaaipMid at 2240 wT^ .aad C • II ovi^moim 
{Oasfft bandjlng vibsatida tea b»«a assigiwd at 178 otT^ ia 
(Uraoqttlaol* Sbaaa t%fO aBaigaa^ata «igz«a with tiM aeeiga* 
@aata m&t^ «4t4k tlit aaaigownta nada ia ia;»»fia dicsr^ o^* 
twacaaaa aad oxtiio* aciit^beaaaaitsiJya • 
Tm HCL a r^oraatsia aad aaysaaatsia atrataiiiag aodas 
bava boaa oboorrod at 1570 aad 1520 m^ ia aitroqtiinaX* 
'ShB39 aBaignstnta axa ia agsatoaat with tte aaaigaeaate 
sada ia 2- ohXoxo* 4- aitroaniiiaa and 2t ^ dibv9Qoait»>» 
banaaae vbioh ia anrailabla ia tha litajmtiiva • fba fj^qmneiae 
0M9mA at 49$0 and 365 an* h^^in baaa aaaigaad to UCu 
rookie aad aaiaaoriai Tibxatioa n^paotivaiy ia tha 
iafraxad apaotzw of aitroquiaol. ^^ iaiXax aaaigisente bava 
baao a^ da ia 1- fluoxo 2t4 dinitrol>aBftaQa aad 3f 4- Oialdoxo* 
aitsobeaaaaa, fha MC^  tosaioa vibx^tiaa h»a baaa bimi^tma 
at 74 oaT^  ia Bit»>q«iaol« Xa tba far infr&sad apaotrun 
a«-a toxaioa iribsatiaa ims baa^ »ai.i^ .aa6 ^t 9a «.ad 12^ osT^ 
ia e/aaquiaoi aad &itjn>^uiiioi raapaatiTa3^« «Ma tmM baaa 
auppartad ^ tha aaaiganaata wbd* in v^kjekoxm m»%^ au^iituimd 
banajfla o^i^usda* %drogaa boad fuadasaatala bava baen 
•S-
MSigMd at 6& and 12S W ift otsraa^ool a»d 6$ and 
t13 OB*^  ia giitroqulaol oorf««9eiidinf te barorogdo boskd 
fimdii0»nti& )/ , and t^ ^ •Bsi^ iMd in tHe oa«« af tessoio 
aoid* 2b0 €fi toceioa vibsailoii tea teas assigMd at 310 
aad 290 onT^  in oyooquiooi and aitsoqttiiioi. fliia a&&is»» 
moot agrtttts idtli tte ttasi^HBiaats naili i& Taj^ loitf pt}o&dl8« 
Otur raaaavoh i^ j?ajr on 'fibxatiofaal apaetra ot 0:fmi%uXmV-
^itx^Quinai* liw» toMtt Aooaptad far jaikUaatioa ia tli» 
a^ 4*csttbl af feHkiaatitia ibtaaajeo^ Bamueas Hio^ Qoivasoity 
(India). 
2At]emS9& •pa«tfa af iaoatile iodoa&iXiBaa laaira bdoB 
s«l>ort«d ia tiM ai^ aptac UX* 'iim njMiMitd atatt i«4l 
a^uaatfia atxata&iaii hmn totaa idsistiJtiad at 52dO, 5^0 
aad 3500 a»*^ ia ortha i t ^ ^ and paaea* iodoa&iiiaaa., Sht 
8 ^ aaywattfio atxatalMLog vitvatioos ha-^ bmu idaatifitd 
at >980« 54£0 and 5410 W*^  in avtha- sata* and paj»» iad»» 
aoilieaa jewiytdtivaljr* f lit 0«X etxatoMag •ibratioos hava 
iMMin idantified at 410» 445 and 480 mT^ ia ostiio* GMita» 
aad i^ soea- iodoiaULliiiaa xavpaotivaljr* 
aiiaplar If dsaia witii tte 2*aar Eaaaa and infx^ £^@d 
apaatxa of axtbo* and paxap* flaozoanilinaa • laear Bmaaa 
apaatxa of astiia* and iMMPa* fUmfoaniXiBaa iiaft baan 
rtpartad ia dotail far tha fisst t ia t . ftaa MKin fd^tuxa 
o£ tb» jMB9r Baaan apaotia d^laxlaad and dapoX o^^ iaed) i£ 
tilt e«^ &fini»ti<»a «»i <afti<iittM>flta uitl^ tiia lialp Q£ detX»JUjcl» 
aatian xatiaa ealotOatad with thi h I^p af tiio iAt9iu4.ti«$ 
in pa*:illal and parpandianXar polariaatioaa • 75a ABT^  
w17* Ae^MHift %9 %^ wmlm Q£ %m ^polazlMtioB ratio 
i t ebauia to« a 0^neMtfle vibfatiott* Sowfvr* ia tiiie 
x«gioii m mt tba vi^satioa oorvta^oadiog to 0«^ tending 
out-oiB-pUiM vil»rati9A« fhoxofo£<t this vibxatioii b^m iMon 
tmkmn as a fiiiia«Mi8tAi wliioli i» of eyaattxio natuxo* In 
^lemm fXiaoscmailiao aoioQiilo oorxeopoiKliniS £«•»& fxoqiiidiiGios 
9to«vf«d iA Xiii»»r H^ aan spootsw ajM halpful ia as©i{p3iag 
the Tazloui 9l»9rv«4 iafravtd Tii^^tiosa* 
OlMptev f ii^ Xaddft tin Iiosoff Maun apoots^ of eiota* 
jri%ioxoi»«asoBit]!4la« fho naa f^tasv of tte iamt BamA 
8p«oti« (polsi^aod aad MpoIaxiaoA) ia tiM ooi&fixB&tioa of 
%h» AOoi^ aMats nit^ tlio lioly of d»yoia.jpia»tloB vatioa. 
sat Q « I k}o»4iag dat«of<»plaBo Ti^i^tioa aoa teoB/:>«'^i60 mT^ 
in tte I«a»«r aoatta apootinai* fhia aamta Uao ia M»poiaciaad« 
9tt» r^ ao&voJi papor *]baaojr Baiaaa Spoatsa of awtiM- fiuosoboa* 
aonitxila* lusa booa oeeoplaA for pttbliaatioa ia Zadiaa J* 
i?ttz*o ana A^pi« Ptaora* 
Qbaptor YX teaoxitea tha ooapajeiktiva atatfy of tb@ 
Tarioaa ei^iXar iribzatioaa obaozvod in tho aiailar oolooialoa* 
Zt liaa iMioa fottaA tliat ffioat at tlio TibsatioBo aza i»fi£« 
aoajp mbout tte acyao valvoa, Isowa-rar tbigr difXa» alic^htljr dUB 
to tlio diffoxant poaitioae of tlia aisbotituoala* 
51 
l^ «o«rat«d and o«aipl.«t«4 imdtr tUt laiplciQg euld»ao« eM •aB«a» 
fwgtncnk giv«a 1^ fir. P.li* tresM to nisai j^r gv^t^tta thaidE* ax* 
04]!astMi of tbift ^IAE !!»•• bMa a gvoat eoaieo of ItisiiijpatioA. 
Z m oxIsvMljr gf^toful to fwf. H«l«a. SiioA, Gliaiffaa&t ?)«»leo 
^pavtoojstt AJI,ir,» All€»sii fov i^xovi^i^ ao lOa. tte fattlUtioO 
of tlM dopaxteofil aii4 fojr li&o 0M»it«B| oaftoaM^Qoat a a d ^ tte 
ooovoo of «oxle« 
I am gv&tofai to FxKof • B Jt« Bfaattae^ oxgp&y ZaoliaxgOi 
aogioQel SopMotioatoA XaotjiWMBflfttloa OMtvOt Z«Z.f * BoeOMiar 
ftB4 ar. X* AlnoA (Arsoaso lotioaol Ka^vatoiyt 9*£»^ ) iQX 
jroeoMiac tlio UiO«r Atmrnn 9»A iafxiaeoA oyootjMt of ooiit eoiipottaao* 
1 an alao giratofai to mt* X* JLIMOA for hio affoetiaa oM 
ooBOtoBt osooavogoooat «B«i&g tte eonxoo of tim «oxfc« flioniEO 
OM oloo dBO to fiio, l>!,S*2, Ohocktoiy 3Ji, liMdUMi* 4« Ateadt 
&.S, nimrlt ! • KBi^ jr aaA ^  «F, Ssiraotcra for thoir ooH^ox«tloa 
ftod o»ootti«0ono&t« 
i^ tluuilai afo oloo dao to i^ oolloaga— ai^ fs ioo^ 
My. S. Sati^t "»• Yiaaj XIMOF aat Nv, I^MOIMUI A U for t l»ir iit3#. 
X (Ml tbaakfia to INiiTosaitgr Oe^ato Ownlooioftt «^w ^IM 
(ladjU) for f&noQOial oooietaooo* 
Za tte Xaot tet not tte XoiMit« X m hlglOy obU^od to sqr 
parosto» bvottioiio »ii4 oiotoit f^ thoir ooastast iaopiratioa 
•ad ^oot vioteo* 
i JlA&liXl» U$m.h ) 
it>jmg^ X«rrt2«t Bymemttf 9t u^mmX 
dnlyt ^3.00tion ml©* f^r infmmd 
spMtxttti^  i>«l»9tldft KOIA far Easa& 
b«Bs«a«, EMMA •pe«t>«x 9f b«&si«a« »xA 
irfilMta .1 44*69 
sy |^?^ A *- ^ r^aurod •poetxiw of 
MrtA l^»drolN»Bftolo Mi4, 
Sootlaa ,1 » l«0«ty aamao epeotxtw of 
a«%(i^2uovo^»ft9io ^id« 
S^tlott ^ • iilMOsai^ aM Analysis* 
MMXSLM 
jinfgtijMliifcffii 
saatloii B - #aj^*lnfi^r«4 epMtsaa of 
iBtgodaotiaa 
I f U t i A - Infrared spMtjeiia ot 
£iafttloa i^  • Fas>anfr^«94 spestxus of 
^mt^ - m 107 -132 
^.«it4fla 3^  «» ^ l80ti6«i9A ana A»aljitl8, 
133 - lei 
yaotjoa ^ - l«aeor Eau^n epMtra of 
s^BtiQo C. • Jiemkmimi a»4 Analgia. 
^ffttlan g <• M»av nm@n spcetsea 9f 
MsaUSBLB. - ^iBOttselan and AHal^aU. 
1/5 - 160 
1 
iii^i^M4 im^m^itim 
3p«otro«eopie otadlts of poIyatoBie aol«oul«3 haTe 
^••n Bad* with th« haiLp of Hotationalt Tibxatioaal and 
HIaetxoAie apaetra* Para fiotational apaotsa f a l l in tha 
ttiexovara ragl.eat poza Tlbzatioiial apaotra f a l l In tha 
aaar and far lafmzad za§iona aharaaa alaotxoale apaotra 
ara obaarrad in ultraTlolat and vlalbla ragloaa of 
alaetxoaai^natlo radiation* Blaetionio abaorption apaotra 
tX^m inforaationa about aiaotronie wiaxsloot Moatly 
axoltad atata «id aoaa gxoimd atata rlbratioaa aaaooiatad 
with polyatoale aolaaoilaa. Para Tlbratioaal spaetra giva 
infozaatioaa about tha gzouad atata Tibratione of tha 
poljratoaio nolaeulaa* 
Infrarad and lianan apaetroaoopy l»Ta baoo»a a Taxy 
iBportaat tool to datazmina tha isolaoalar atrootura and 
gaosatzy of tha ooaplaz polyatoaio molaoalaa, vith tha 
halp of apaotra in tha naar and fa»>inf razad Mglon, wa 
gat tha inforaation about tha ground atata vibrations 
of tha polyatoAio aolaoulaa* Thasa ground atata Tibratione 
ara aaaignad to Tarioua nonal nodaa of Tibrations, 
3 
?lbx»tloiua m%wgj X«TiIs and •i««nfuno«loiis of a 
poljalOBlo noI«oul«s own b* •Ypmssad with th« holp of 
•ehxodlagor votvt oquatloa of « urstos of ^J*partiel«8 
having eo<-ezdi£iat«8 ix^t Ti* s^ )^ «^^ BCMBA B^ In %h« 
fellowin^i va^ r 
1 6X4 BJM U15^ h 
nhara'y la tha vara lUaetioat S ^ a tota l anaiqgr «»d • 
tha potantlai anax^y* Tim potantiaX anaz«j of tha naOlal 
in ^ a aelaoola safarrad to tiia attulXlbrlua position as 
T«0 io giTon in tha fixat mposoxiaationt i*a* aa long aa 
tha diaolaeattanta ara amffleiantly MMII 
7o aiaplifying tha aoltttlon of tha a Ration (1) va 
intzodaoe nozwal ooordinata i*a. 
f ^ q ^ - ^21^1* ^ 2 2 ^ ^ ^ ^^2S?^ * 
q^  . C^J^IJ > C^2^^ ^ CJ^ 3^ \3 ^ 
4 
thmi th« •^tiatlon (1) hBOOwmB 
•'^a"" + " '< + • • • • • • — • *- * , •...•Ai.iwi 
JW 
-^ Ajwf 2N )]*^1>-e (5) 
i^«M A j^^ ^tm tb« aeoot ot ^ « »*Qal«7 •fHAtloas 
2^X - ^2l'- '^ 22 - 2^2^ ^ ^23 " ^2?'^-
^a " ^^ l""' S7 • 3^2^ ^ ^51 • *33^ 
0 . . • ( 4 ) 
lUviding %h9 ilioI« •qtMtlon (3} by 7 ve g«t 
^1 ^ V3^ ; 
t £ - | (>^t?N>. f^ . .>34^)] -0 ...(5) 
1!lil« •quatloa aay b« flOXT«d into a sm of 3i tqaatleBs 
» ^ Y- i • 2 - / , 2. / r- » \ . ' ^ ^ 
. . • ( 6 ) 
i f i t h ^ HI g« -»• 1 . '^  »•• '«••••• •M> -(k % f . . . ( 7 ) 
In th i s way th« •<|ttfttlon (6) Is th« «««• •Quatloa of m 
^agl* alai)!* l»iaeiile esoiXXAtoz* of pot«iti«i ^^i{t 
ftsd m^, vh9m eooxdiaat* Is ths QOBMI eooitflasts 
5 
f ...^ ao In this vart aedlsftnlafl Hi* Tll>rfttloaal notion 
of th« moleoalo may bo ooaoidorod* uMor f irs t a^^iDxi-
mfttion* a« a ouporposition of 3^ sinplo haraonio eotiono 
in the ?« nomal ooosiiantoo. 
Hnexjgy !«oyo33>> 
Tho oigon-Taluos of tho aquation (6) or tha enazgy 
Taluaa of tha haxnenie oaoilXator i t axa <^ iTan by 
h - hr (Tj^  ••• I ) Vj^  • 0,2,3 
uliara 7 » 2%^ ^ ^^ ®^ ^^* olaa ioal Oaeillator 
fraquaney of tha nozaiaX ribration i and V^  i s tha 
flbratioaal aquntum nosbar. Tharafosa, aoooxdia^ to 
aquation (7) tha total vibrational anaz^y of tha syatam 
oan taka only tha Taluaa 
B ir^,r2*T^—) - ^Ti<y * i ) * '^^ gC V 2^'' •••^®^ 
or in tha foza of tha tame iraluae, wa hara 
m Wj^  {y^^ |>*^2^^2" ¥^ ^"^^ 
h 2^ 
hara V^ » ^ , w^  • ^ 
Th9 Wj^  ara tha Tibrational fraquaneiaa maasnrad in Cm"^  
unlta* In tha aquationa (7 ) , <8) and (9) tha non genuine 
6 
•Ibxation (transXatioa and lotatloaa) ax« iaolttdad 
ainaaetry of iomaX flbmtlona apd Tl^iFation S|.gfafUn<?ti<>l^ i?t 
Tha aymm0tvf oozialdocatioiia vara f irs t aprtiiad to 
vtbratlona of polyatomio nelaoulaa by Sraater (1) in 
1923* Aa va ^ o v that tha doi;raa of aaoular aquation (4) 
fxoQ which 191 a noznal Tibratioa ax>a obtaiaad la T^' whera 
i:i In tha number of tha aiK>as in the oolacula. 3ot 9ren 
i f N takaa tha oodarata •alua* i t i s not a^ usy to aolva 
tha aaoular equation* But i f a molaeula has ayamatzy^ 
than tha noraal Tibratloan and ribrationai aiganfunctions 
have also oartain aymsatry pnpextiaa vhie^ provides 
f raat aasa in tha detaxminatioa of noxoud vibration, 
rha ayntaetry eensideration ia not only for l^e detexni-
natlona but alao TiCLuabXa for the disousaioa of the 
higher vibration leT«iL8 aad tha influenee of tha 
anharaonioity and the anten^otion of tha rotational 
•ibx»tioa« 
If s^i^Bstzy operation ia perforaed over a non-
vlbratins aoleculeat than after tha operation the Biolecule 
resiaina as auoh i . e . i t s ooaflguratioa zemaina unaltered. 
r4oreoTer» the potential and f ield of force wi l l be the 
eaae as before the syametry operation. Thereforot the 
secular equation and oonsiquently the frequeaolee of the 
7 
noxBial vibrat ions a r t th« same for the transfowied as for 
as the aontraasformed syatem. If the ayroisetry ©aeration 
la carried out over a • ibrat ing taoleculet the transforoe^ 
die^laeeoents are not neoeeearlly the same as non-
tranefozned ones, with respect t o a given ayeuaetry 
operation we have to distinguifi^ ^ r e e different behaviours 
of a noxBAl vibrat ion. I t aay remain unchanged* It nay 
change ai|;n, or I t oasi change by sore just the sign, 
'atheoatically* t h i s aysiaetry i s done by two 
equivalent wayst 
(a) By potfiitlon transformation i . e . by keeping the 
coordinate ayateo fixedt change the position of the 
nuclei by rotat ing or reflecting ^ e ewlecule* 
(b) 3y coordinate transformation l«e, by keepini^ the 
molecule fisedf aad refer i t to different rotated 
or reflected coordinate ayatem. 
effect of gymmetry Operation on .lon-0®<»enerate Iloraal 
Vlbimtioni 
For a given non-iiegenerate nomal vibration f^ 
there i s only one possible i^ t io for th© displaoeisent 
coordinates of the various atome. If a aymsetry 
operation i s carr ied out, th i s ra t io remain*! unchanged 
8 
Ther«foret !ilno« the <ii9T>l»oenient8 daftned apart from & 
oonatant factor , only a ayametrle operation oan iilBoat 
bring out alDultaneoua change of s ign of the normal 
ooordinnte. ?h8 otoer p089ibi l l ty i s that i t w i l l leave 
them unchanged. In l^ia vay % non-Klegenerate vibration 
can only be aysametric or ant isysnetric with reaneot to 
any ayametiy operation that i i pexaitted by the syaaetry 
molecule. 
There i s res tr i c t ion to 'She above rule* If the 
iBoleoule hasi a >-fold axis of r^yssaetxy and 9 i e odd, a 
non*degenermte vibration oan only be aymiaetric v i lh 
respect to a rotation by 2%/-p about t h i s axie aince, i f 
i t were antisyimetrio, a f t er -> such rotat ion, that i s , 
a rotation by 2)T i t would not tz^nafons into i t s e l f as 
i t must. iowever, a non«-degenerate vibration may be 
antisyometrlo ae well ao aymmotaJio with r e s e c t to an 
even fold ax i s , s ince , then after p sjudi rotational i t 
wi l l transfora into the original configuration. 
iliKse tihe v ibrat ional ei^'enfunction ia a function 
of tee noxmaL coordinates, it!» beh^^viour with re-^nect 
to -^yametiio oner^tion deoendii on the behaviour of the 
normal coordinate with reaneci; to thaa. 
s 
Moleettl»a with ?iQq-De^anayate n b r a t l o n onlyt 
If a non-Klegeneriat© vibrat ion, say f^t is syctmatrlc 
ifith r©sp#ot to cei*taln aymraetry el«ment, or i f th« 
00 ix«aponding noroal oooxdinatBt f^ la syraaetric. This 
iarsiies that I t s constrlbutlon"}/^ {^^) to the vibrational 
•ig en function i s aycMBetrlc (reaaina unchange) idth 
regpact to t^artioidar sjrmffietrie operation for a l l valuea 
of y'a. If a noroal vlbimtion, say \f^  i s antisyafnetrie 
with reapeot t o ayBaaetric elemtnt !•©• i f the correspon-
ding noraal coortili^te f ^ i^ antisyooetrlc, i t follows 
that f^/^  iflg.)* Wince i t i s mi odd<even) function of J ;^  
for oddCeven) ^^ changes sign Le aaitiayfJUBetilc for odd y^ 
but reraains unchanged I3 syeafseferic for even y^. If th« 
-^articular syassetry operation La carried out, Thi?? 
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Jlnc© the t o t a l v i b r a t i o n a l ©Igenfunotion 1;-
in a product of haaraOQic OaclLlator ei^itnfvmctlonr^ 
•,k (<* ),"i{''^((^), oorrBarjondlrij; to 1 ;-6 or 5^^ -3 normal 
coordinates* t he re fo r t t I f t h e r e a r e only non-iegen«rate 
norssal v l b m t i o n s , the t o t a l *»lgenf\metlon9 i f l l l be 
sysaaetrio with respect t o a gi.ven faymaietry o ^ r a t l o n , i f 
t he r e l a an ev«n number of con^jonent fUnctloai^4/Jj( e ^) 
t ha t a re antleyasaetrlc with niepeot t o t h a t 9«ae sycusetry 
opera t ion , the t o t a l elgenfuoiitton w i l l be an t iaymse t r i e . 
I f there 1? an odd number of tuitlaysMSwtrlc cofflponent 
fui*otion» I t s behaviour with respect t o the given 
syottwtry operat ion I3 Indepenclent of t h e nuasber of 
aymmetrlo ooaponent funct ion . In o t h e r words s ince , for 
ant isyasaetr lc f p. ^ e fimctlori\j/^(r,^) l a antisymuietrlc 
for odd Yy,, t he t o t a l v l b r a t l c n a l ©tgenrjinctioTi i e 
a.: mmetrlo id-th reanect to a oe r t a in sysiaetry OT>emtion 
I f the -um IT a V^, 0xt©rded over a l l noxmal vibrat ion'^ 
tha t are ant lavas ie t r ic with reapeet t o t h a t 3:/mmetrir 
obera t ion , I0 even, the t o t a l eigenfuact lon l e a n t l -
ayisfflatric with ic^eoact t o tha t syraaetry opera t ion , if? 
eigenfanct ion ia antiaymiaetric with respect to the 
aaaae ayametsy of t h e SUTJ XB. f^, i s odd. 
11 
The •tg«nf\mction« "y^ ( f ^) of t h e equation (6J 
are the ordinary harmonic O s c i l l a t o r eiganfunct lon. 
The mathemntlcnl foiHn of the function I s 
;Oi.e ; i a a norcaallaation cons tan t , a^== 2% i^!^ 
a i3 ^ i I i. / 4 ) 8 a 80 ca l led iterralte ^^olyrsomial of 
the V. degree. These a r e t he quwintuTi mechanical 
oons idera t ions for the uz^erstandin^ of the v i b r e t i o n a l 
energy levt t l s of a r>olya'toaic molecule. The v ib ra t i ona l 
frequencies of a polyatomic aoleoule observed in infrared 
or the frequency s h i f t s of t he i ant an bands are governed 
by the s e l e c t i o n r u l e s . 
^fXffgtl,9n au4jg.Jbr_It^,fr»^d 3geQt»^» 
The absorpt ion involTes bhe i n t e r a c t i o n of ir 
r ad i a t i on with mat te r . I t ocsura thxoiMch the cbaages 
—> 
in the d ip l e sioaent (At) of tJie moleoular uni t a r i s i n ; 
due to i t s exc i t a t i on to a h i j ^ e r v i b r a t i o n a l l e v e l , AS 
vibi-at ional frequencies of the molecular unitts javitch 
wit': the energy of I . nhoton. 
"'he i l p o l e Boraont of a rrol^cule i s r ep re sen t e i Xv. 
wave mechanics, by the matrex foisc Id^ ie in te iyra ls . 
12 
r 
Where M i s th® vec tor with ooBipoa«nt 
•••j^  « x: e .^» "7 '*'*®i'*''i ^'^s'°^*'' i . . . ( 1 5 ) 
e. = chaise of the o a r t i e l e 1 having coordiaxte 
(^^» y*» 354) i3zid"./ aad "^pn lire the t i o e dependent 
eigenfunctione of t h e aystWJ In two s t a t e s a and m 
t h a t i a 2 i ^ t ( E - r . / i ){ 
4- * _ 
'^ nvce 
.^  s^ i^  (^)n /-i. J-^  
. . . (14) 
the a s t e r i s k indicatlttf^ the complex oonjtigate 
quiant i t ies . The di€igoaal eleisents of t h e matr ix , i . e . 
i n t e g r a l s (12)witii n « a, reTJresffinta t h e dipole aoaents 
l a t&e s t a t e s . The o?f~dlagoaal mat i lx eleiseats (n a) 
oorreaoondin^f? to the t r a n a i t l o n from the atwt© n to the 
s t a t e m. J tnce they hare the time fae to r 2."ii( • - ;,r,M^)^. 
The t r a n s i t i o n wrobabllilgr l a wrotH>rtional t o the 
f^quare of th® time inde7>efvient f a c t o r of ttie eqtaat iond?) 
i . e . the square of 
f 
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low we consider the trans i t ion between two vibrtitional 
l e r e l s y* and y" of the aoleoiile produce by dloole 
radiation. lere y' and y" fjUand for the geta of 
v ibrat ional quantua nuaber y»„, y ^ , y'^ ,^ and 
y, " , y-" , y ," ~ of the u?>:>er rmd lower s tate reg-
pect lve ly . I^otually we ahoiild subatltute the to ta l 
elgenfunctlon In equation (15 ) . lut uwder f a i r l y i^ ood 
approximation t h i s to ta l ©igenfunctlon la the product 
of an electxonlot a vlbratlomCL and a rotational 
elgenfunctlon 
4^-ki ^
 Y j^ . . . (16) 
and therefore, s ince for the mre vibrational apectruis 
the e lectronic and rotational s ta te reoalna unchanged, 
',L and "1/j^  s laply give a oontJtant factor In • . - ] / . , -l/'^'dT 
90 that we ooncluie that the vibrational transit ion 
probability la the prooortionitl to the square of 
[ti]-'^" . r^ l .i lAdr . . . (17) 
i iv^ TV" 
where f , and ^ ^ „ are the Tibratlonal elgenfunctions 
Of the unner and lower s ta te :?0opectlvely, [ : r ia 
also cal led the trr^ngltion moment of the trangition 
u 
^Ibrattonstl s e l ec t ion rule • x l s t only whtn the 
»ol«eul« tindier oonaideratlon has «l«a«nt8 of sysaaetry. 
In that e&9« It t^ q»iiti» ca»ar that the Int lgral 
•ll/ *•'(/*' Hc/"^ oan he di f fer* fxcm ceio for a 
certain transi t ion ( ! •»• the tranalt lon la ftHow«di) 
only vhen a t l eas t one of the componente of the Integrand 
'\\j^% V v" '^  lemaina titichanged f o r any of the ayametry 
operations alloved by the fijyeaetiry of the molecule In 
Ita e?ulllbrluffl pOf=iltlon, or In other words when at lenst 
one of the qxiantltles* 
le to ta l ly eyoaetrlo* Thla l e the general Tlbratlonal 
se lect ion ro le for the i:> whj.oh Is regzous as long as 
the Interaction v l t^ rotation and d e o t r o n i c iwtlon i<* 
neglected. In partloular I t la Independent of whether 
or not Tibratlons are hazeionic. 
irBom the def in i t ion (equation 13) of the dlpolo 
Koment M, i t la c l ear that li:3 oo&ponents .** , r^ „, •''_ 
3t ^ 2J 
have t^e aarae behaviour with reapeet t o eyiaaeti:^ 
operation fKn the tranalationu T^, T„, ? . in the direction 
A y 8 
of the coordinate ax i s , i«e» they belong to one of the 
species of the noint aroun o:? the molectile. ^ith these 
oonsiiern.tlons, the above stjite g*?n©raL role may ^X?iO 
stated! a s . A vibrational t r m g i t l o n / ' •• >• i^ 
15 
allowed only Kh«n tlier» i s at Least one oompon«it of the 
dlpole iBocsent th&t has the Base apeeies as the pxodtiot. 
In the Kaman epeetxua the atsplltude of the dlpole 
moment induced by tiie Inoident radiation auet change 
du2ln«f the vibration considered. The aa«gnitade of the 
induced dipole motaent P Xn g l /en by 
'«here H la the e l e c t r i c vector of the incident rftdiation 
of frequency 7 and a the polarLsabil i ty, If a dianges 
during the vibration i with frequency y^, P w i l l change 
with frequencies y + yv and y - y^ ^ as well as with 
frequency v. 
The intens i ty of the scattered l i g h t depends on 
t^e induced dipole moBCsit ' whitdi ±B represented by the 
matrix formed from the integrals 
J 
m> 
• . . i l 9 ) 
where ^ i'^  a vector who<?e comnonents are given by 
"^ x"* « Kx\ - « xy'y ^ « xtr^ •••^^0) 
\ - « zx'-x " « zy^y * ^ «2^ 2^ •••^''^) 
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Here z,y,z are tiie ax»s of a ooordtlnate syi^tea fixed 
in the nolecule and since ve are aesuraiSLg no zotation 
fixed in space, rhe a__t a_„ — - - are constants 
indeoendent of the direct ion of S cffid P. They are 
omlled the coo'^oaent of the po lar leabi l i ty tensor. 
The time indeaendont part of the equation (19) 
i s ^ 
j I 1 
where ?** i s the aoolitude of ?• rhe intensi ty of the 
lOiaan tx^nsition n —— EJ ig tjroportional to •Qje sqaure 
of ['®]™", Substituting ? from (20,21,?2) we obtain for 
ttie oomnonent [?®j"®» 
n f m . • • (?4 / 
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lere ° • ®^ ,, . ° . ar© the oonoonenta of th© amplitude 
X y « 
of t h e inc ident l ighl; wave mid the in te /^rs ls 
. . . . ( 2 5 ) 
are t he matrix elements o* t h e s i x oomoonenta of the 
poIa r lBab i l i ty ten««ojr. rhe diagonal matrix eleoenl: 
(n = s}) of a or ?° eorresriond to Kaylel^ih 3catterii%3, 
the off d i a ^ n a l do r i en t s to Uaman soatterin^i:, thrit i s 
to t r a n s i t i o n n—— ri induced by the inc ident l i ,ght . 
According to eqanition (24) a ivaraim t r a n s i t i o n n —— a 
13 allowed i f a t leaai ; on© of t he aix q u a n t i t i e s 
[ XXj'^, [xy i '^ t — • i s d i f f e r en t from gjero. 
. o r the i r ib ra t iona l P a^oan goootriin we have ag'iin 
to s u b s t i t u t e for'l/ «and "J/ the v i b r a t i o n a l eifsen-
ftmctiona '1 / , and "^i/y*' of u^joer and lower s t a t e s . 
tee can tiien say : 
A i.aman transit5.on between two vibrjT.tional l eve l y* 
and y" ig allowed i f a t l e a g t one of t h e s ix nroducta 
'^ xx yv* yv* • x^y y v y v" '^^^ 
lo t o t a l l y syEjmetrical, t h a t i s r eaa in? tmaha nged for 
^11 symQetry omration?? al lowei by tfio eyometry of the 
molecule. 
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llmllazly to liio previous infi^red 8«Ieotion 
rule* the general (ard rlgorotis) kma&a aelectlon rule 
may also b© atated in th© following gome what laore 
eonTlnient froia:- k i^ taman t rans i t ion between two vibra-
t ional level V* Bnd v" i s allowed i f the product 
'\\jv* )^j/v „ has the species as at lonat one of the six 
oorapencrts a__, a .„ —— of the nolar i sabi l i ty t«na»r. 
Pplarisation of i^aylci^h mi Bmm Joatterin^^t 
If the laolari2ability el l ipsoid of a lotolecule 
i s sohere* the d i rec t ion of the induced dipol® moiaent 
* wil l coincide with the direction of f ield B producing 
i t , for fiiny orientat ion of the systesi. If, therefore, 
on i r rad ia t ion of a ^aa con3i9tin,i of eueh aoleoules 
with l ight of frfjquency v' (..ayleigh sc^ittering) Ui 
obfierved a t r ight angle to the i n c i d ^ t beam, i t will 
be completely nolar ise l in the plane right Allies to 
the incident beam, irre3iT)ective of whether the inci ient 
l ight i s polarized or not. However, i f the nolar i?a-
b i l i t y e l l ipsoid of the scatteirine syateu i s not a 
sphere, the direction ^ coincid-^-s ^Ith ,-. only i f 
colncid'3 with one of the axes of the polar isabl l l ty 
el l ingoid, but otSierwlqe ha.q a different direct ion, 
i f a .rp.'i (or l iquid) ootitaininff such molecules %dth 
a l l orientation i s i r radia ted, * i s no longer reitrlct©-! 
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to th« plan© at rt'-iht anj^le t o th« beam, even thou^ It 
can not ta'ce a l l orlentmtlon with respect to I t with 
equal probabil i ty. Therefore, the aeatterlng l i ght 
absorbed at right an^rlea to tdie Incident beam wi l l no 
lon^aer be completely t>olarleed. ?h© decree of depola-
r izat ion wi l l alBO deoend on whether the Incident beam 
l8 nolarl»ed or unpolarlsed. 
In til I s general ease, i^en the po lar lzabl l l ty 
e l l i p s o i d la not a spbere (an Isotropic laolectile), we 
oan resolTe the polarlssablllty Into l^e aum of the 
apherlcal "part of whlcsh the polar lgabl l l ty t^ i s the 
average of the three principal p o l a r l s a b l l l t l e s . 
XX yy zz i ^ xx yy «R' • • • ^ ^ 
and a oonpletely anlsot ioo ie r>art for wbloh 
II . - H . _ I 
and of cour^je 
'""xx" "• ""yi^ * ^aa ^ * ^ . . . i:?9) 
«xx^^ - ^xx^J» « y y " « «yy- «yy^' ^^J^^ ^a^^^E.^-•^^*') 
fh© ®a*rnltule of the ^ilaotropy may be Indicated by 
e^  - I f^ «rx- V^^ * ^^ yy- «^^ ^^  ^ ^""zz " Sx^^ 
* ^ '^^ xy^  ^ V«^ " %x^^^ •••• ^'1) 
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The soma In (eqiatlon 2S and 31) ar« invariant of the 
polar leabi l i ty tensort tSiftt la t h e i r value la independent 
of the orientat ion of the coordinnte axes re la t ive to the 
©olarlzability e l l ipaoid . If the coordinate axle coincide 
tilth axes of el i ipeold th© l a s t tens in (equation 51) 
dl'9aT>'»ear3. 
The degree of depolarisation r i s defined as the 
ra t io of the in t« ia i ty of the aoattereS l i ^ t polarised 
per!>eadiotilar to xy plane, Ij^ » to that po la r i se ! TJamllel 
to th i s plane* Here the Z eocis i s taken in the direction 
of propa,(?atioa of the incident l i gh t , and the direction 
of oi>3er7ation la perpendloulax s axle* 9; averaging 
over a l l or ientat ions of th© system, i t can then be ?^ hown 
that for natural (unpolarised) incident l ight 
r 2 
fere a l3 always differwit from aero since polar leabi l i ty 
is? always p03itive» t « O iiould ®ean that «*! » a^T » 
• ^ » o, that i s no scattered radiation wo\ild a'>pear. The 
amnlleet value of/^ Is therefore, /^ » 0, -which i s 
obtained whes; p « 0. The largest value of ^ corres^oni 
to raost anigotroi lc case. This i s obtained i f a l l 
except one, •'ay oCZ of the co?snone t a ar^ s^ro. -hen 
2 « t /3» , ' » " '- . and therefore rL(aiax) « I ' 2 , *hlcV> 
21 
I s ^ U 3 th« «aazlaum degree of depolArlsa t ior fo r Eayletgh 
soat ter lrvg. 
The oonsitanta aZZ t °CZ wi l l aT)peftr uhen the 
ooordlnate sjygteta 1P ro ta ted In such a nmy tha t t>-)e new 
coordinate axes i , y, B coincide with ^ e t>renci^al 
ax i s of t h e t>olar l«abi l i ty el l ipsoicU 
The degree of depolar lea t ion for l i n e a r l y 
ooXarised Incident l i g h t ( a t ^^ to the sca t t e red beam) 
i s r e l a t e d to p^ by 
Pi « ^ I ^ ••• (35) 
t h a t i s , t he aaxlaua do^gree of depo la r i sa t ion in thlB 
oaae i e f^XmBx) « 4^  • The i^ayleigh a c a t t e r i a g of iao?t 
stolecolee w i l l have a 3iuU.ler degree of depola r iea t lon 
than those of e a a l l e r va lues . 
I f the |>o la r laab i l i ty e l l i p s o i d i e aohore, and 
i f t h e inc ident l i ^ t i?» polar i sed In a dockwide 
d i r e c t i o n , t h e l i g h t sca t te red badcward (180** to inc ident 
befJEj) should be c i r c u l a r l y TKJlariaed in a counter doci-*-
%fiae d i r e c t i o n looking in t he d i r e c t i o n of propa,?ation), 
3ut i f the s ca t t e r i ng g^ateea i s a n i s t r o i c the l i # i t 
t ha t i a s ca t t e red badcward may a l so have the ooasponent 
of elockwioe c i r c u l a r polair laat ton. The de«ree of thl«i 
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r«T«r9ftl p tor elroiilarly ?olarlii«d Incident light aay 
be shown to toe relatijd tjy p^ by 
P . - ,: yIpQkylgf , / ^ . . . , (74) 
/ c I ooiaater-cloelcirlee •^  *" / a 
which i s BOZO f o r / , . * 0 and has the HiaxlBmra ralue 1, 
that l3 for a con3T>iel!ely anisotropic systei the light 
aoattered backward wctxild be unTiolarlaed. 
In order to piredlct on the baale of olaesleal 
theory the atate of p^larlaatlon of Kasmn line corres-
ponding to aosaal Titration y .^, the behavionr of the 
change of the polar!liability (^ F^")e « acre detailed 
calculations i^ ow thtt altho\]^ the principal axes 
of the ellipeold corj'espending to ( ^ )« , do not 
always coincide with thowe of the polarieablLity 
ell ipsoid (a)t the fonmilae for the polarisation are 
the same as for the iaylelgh scattering except that 
T 
a has to be replaced by 
2 
and ^ has to replaced by 
i * '-^^fa Of^  'c * ^ 2f, 7,?, 'o 
.g^gg ?f : jx ,2 rtt^J^MS. ?f!y*%2 /-^^^i-.x,?,-. , . v 
^ ^ ^ - 1<f 0^ * ^ t ^ l ^ ^ ^ ) o ^tT?7*^o>J •• - >^ ) 
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Thua vd hav« 
/- * 1 ^¥A _ . 
/ I « T— - T S ? •••• '^^ ^ 
An e s g ^ t l a l dlff«r«nc« from th« eas* of ttjggrlelgh 
seatterlng i s , hov«v<rr, that th« ooiapon«nt8 of ( r^rr* )^ 
la tha dirset ion of pi lnclpal axes ar» not n«oaasarlI]r 
a l l poaltlvo, as a » thorie of a. Tharafore K-rrrr),. oaa 
not always ba repsaaintaa by a reaX a l l i p s o l d . ^ut i t 
i s oonTlnicnt to Tibviftliza the relat ion by ffieana of 
snieh an ol l i i sso id . In ooni^equaneo of the poss ib i l i t y 
Of negRtiv© values o l ( ••-• f^ )^ , ( r ^ ) o « . . . t Tfi 
may now be eero with'at ;^- being «ero. This g ives the 
strooeeat depolarieation, nanely 
f,_ a%i; r,^ Pnmx , / / /-j max ^ / I'o^  
For brevity, i f e Raaan l i n e ^ows t h i s s ta te of 
polarisat ion, i t i s cal led depolarised, idiereaa, i f the 
degree of depolarlsation la snal ler , i t i s said to be 
(partly or eompletel^) polarised. 
YibraUonal aoectra cf 3enienet 
The ivanan and IB speotra of bensenes have bees 
invest igated by a lax'it« mimber of iir^esti^irators* The 
most ooEiplete data eia due to Ingold ami h is co~wos*:er<3( ?,5) 
24 
«he hftT* t i s e iaTMtli«t*<l ^ « 0ptetzaB of C^ Q .^ 3«aMn« 
b«Xoac8 to B^ i^  point g»«p* tho nwiter of • ibnt ioao of 
•Add opoolos foir bonsono aooosdia« to O^ i^  gsou? ftxo M 
folio vat 
^•U* ^»2i» ^•X«* ^2a» ^^U* '*!«• **2«* ^•2tt,^*""^^ 
TlbmtloM of Ojtf* ^ g "'^ ^ *1« ^ifP— ft^eo oUovod la 
Raaaa opootxtw md ft^u ^ ^ ^ ^ *"•* setlvo i s IB opootnoi* 
ThoM «ro tbirly nenta Mdoo of •Ibraitioa in biUMtto* 
Out of liildb 10 »«• doubly dogoaosato ftad 10 »fo BOA-
dogoaozato* Thooo tblxtb BoaoX aedoo of Tlbiatiwa ««ar 
ftarthor bo oXooolfiod oa foIXova 
6 0-C atzat^iagf 3 C<»C o«t of plane boadlag 
5 0«*0 ia»plsaa boading» 6 C-^ atcatohiag 
d 0 ^ oat ofoplmo boadlag «Ad 
6 CMi la-«pIaao boadlag 
Hosaal aodoa of rlbratlea of boasaao azo glTon la Tablo I«I 
ntmmmmmm 
Hodo of Tibsatlona Sotatloa Spooloa Fzoquoaoloa 
(Hoyaboai) /w*X 
C^ StJEOtOUll^  12 •j^ 5080 
C-H Stsotfliilag I oj^ 9062 
C^ Strotdiiag 5 bj^^ 30dO 
0-H 3t«otohlng 15 Og- 5017 
Tabic Coatd* 
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M i y wit^fl' 
jc.jatsrEEDarscsiiTssir.sr.rj-jKir:SEES,•3-3 rrs.'».r?tstiK5B3:i-5»«.fl8at-SiWs:a»3a,atssa«!s:s»-~«sc-a:=»-~x;a«3ta!a5«= 
Mode of vibrations 
»sf!-,-aar-- •a3:=3:cS!ar-;SS'.-3i.-
C-H t>«niiqg la-plane 
C-l^ i bending in«>plRne 











0-C xiOf? stretching 
G*C ring 9tretching 
G-C ring etretohlng 
C-J ring stretdi ing 
0-C ring breathln;^ 
C-C ring defonsation 
ln«pleme 
C-C ring defornation 
out ofoplane 
























































?he frequencies and r.oraal tsode of vibrations of boneene 
are given in i^ ig . l . l . 
TfcOfcT p048| [30491 pSIS p 
^^\y\ y\^ xN^ K^-^ 
FigM.The frequencies and normal modes of vibration of 
benzene. 
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Ingold and hi a ooovozkers (2,3) havo dettmiiuid 
noxraal frequsaoiea of benseae end ben8«n» d*-6 from Xov 
resolution studios of tho Infrarod absorption bands of 
tho lequld and vanou:r phases and firoe the Eaiaan bands of 
the lequld* Irodermm and Langseth (4) Inreeti/^ated the 
Infrared spectra of benj^ sene, sysH'bensene d« e^d bensene 
d-6 and detoBalned the fundasiental frequencies. 7hi«i 
analysis was also extented to tiie asyoiaetrloal deuterated 
bensene (3)* 
Vibrational spectra of substituted bensenes were 
studied by siaay workers, i'ox 'lartln {6»7} have ex«Blned 
©any aromatic oonspouads in the ?00C osT region using 
the high dispersion of a lithluis fliaoride pri&m Inoludln^ 
polyeylie materials s u ^ as naphthalene and quinoline. 
In oost of studies of vibrational spectra of the 
substituted bensenes, effects of the aubstituent have 
bema investigated various type of substituents ef''eotg 
have been nentioned. Chanies i s the aass distribution 
in a portion of the tsoleeule due to I5ie substituent 
alters the form as well as the frequency of vibration. 
The frequencies deox*ease with the increase in the mas'> 
of the central atoa* ^^ a88 effects oay be ^iployed &B 
confinaatory evidence for assignments by use of isotopes. 
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'4ass oonfi^ratlon la an important factor in determining 
tti% rotationftl isonexisa i^out a OC single bond. In 
general* there i e no free rotation about a C-C single 
bond and i t i s possible to study the interoonrersion of 
tiie rotational iaoaexlsa by It apeotroseopy. liotational 
ieomrisB are apeotroaoopioally distinguishable because 
of different normal frequencies resulting fron different 
mass configuration. 
Any diangs in electronic distribution of a bond 
affects i t s force constant and therefore the Tibxrational 
frequency, hleotricsil effects can be from external or 
internal influences. The dielectric constant of a 
solrent, hydrogen bonding and the electric f ield in the 
ovystal are the examples of external influences. There 
i s Tide Tariety of entexsBOlecular interactions ISiat 
effect infrainid grou'3 frequencies and band intensi t ies . 
The important molecular factors are mass effectst 
e lectr i^i l effects ( LnduotiTS and resonance effects) 
hydrogen bonding. Symmetxy configuration, bond angle 
field effect and vibpfttional coupling effects . 
Intermolecular interactions (with the excetition 
of hydrogen bondin^ )^ are usually associatsdi with weaker 
electrical force* than intermolecular interactions. 
the vibrational modes and frequencies are not affected 
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i^roatly iAi«n the ssoli)0\a«8 in the a^DOur ph&aa ar« 
ooodansad to ^ « liquid or solid atata, i f hjrdrogcei 
bonding and alallar nffaota axa aot praaant. 
In tha aubatitutad bansanao tha gynoetxy of the 
aolaoula azra lovaxad daa to tha aubetltu^nts* Host of 
tha dezlTatlraa of tha bansana can ba plaoad tmder tvo 
aymatry grottps* C^^  and C^ * Pha lovar asrenatrLea 
applloabla to tha molLacuXaa asa the raauXta of lovadJi^ 
of tha high 97B»ati3r ^^^ by aubatltution. Aeeovdlng of 
gzoup thaoiy thaaa lovar ajrauaatxy groups ara aub groups 
of 0g^ point froup and oartaia syaffiatzy tjrpaa in ^^^ 
oorraspOQd to oortain typa in C^^  ^^^ oartain etiiar 
typaa in C,. 
In Q^ point irroup as prarails in sono-aubstitutad 
banaanae thara art four ayaoatry aXamanta nasaly id«itlty 
oparatioa 1^  Cp^  » a tito ibid axis rotation oolaoidiz« vltb 
2-«xia» o^ X^fi^ O-Hi plctaa of raflaetion paeaiag throu^ tha 
XB plana and cT i^ya) ta plana of raflaetion paaaln^ idiromidi 
ya plttia* Tha ^oieci of tha ooordiaata within tha 




All th« •leelsronlo «ad Yibratloaal '^of C^ ^ point 
HXDup oaa be classif ied uader speoies tuunely A-|^ » A^ * ^i 
and B^ * The auaber cf vibmtioaa beloi^ing to euoh 
•yiBB«tz7 specdes oen be ealoulated by simple aethod 
giren by Herabexg (14) i^ioh ie as follova-.-
l^ie total number of atoms in a i:K>lecule of C^ ^ 
syimnetigrt "^40 * 2mxt •¥ ?®yfl •¥ isio where n m number of 
sets of equiTalffat nuclei not on mny element of symmetry, 
mo m n\uBber of nuclei ly-in^ on a l l symmetry elements 
present9 M^ *^ °>v. ^^ ^^  ^^* number of siets of nuclei lyin« 
On X2 and Y^ planes respeotirely but not on axis goin<g 
throui^ these planes. The equiTalent nuclei are the sets 
of identical nuclei that oaa be transformed into one 
another by the symmetxgr operation 9«»Bitted by the 
molecule* 
Clumber of ribratioas of a- type 
« 3m i- 2m^^  • 2m^ • m «^l 
» ^ x 0 ^ 2 x 4 + 2 x O > 4 - l 
« 11 
Mumber of vibratioas of 
w 3m f- m > m * X 




Sumber of vibration of bj^  type 
- 10 
N\uiber of vibration of b^ tjrp* 
« 6 
Tha apaelaa of vlbzablon@ In Cg^  ^^^^ group* thalr 
aotlvlt las In Baaan affaot and IR absorption, and tha 
ntinbar of Tlbrationa belonging to aaoh spa d a s ara 
ooXIaotlTaly glTen in. fabla 1*2 
IftfriHf - It? 
^>» I ^9« (^^) (^ ) ^^ Sasaa Hiinbar of Xzanalatlon 
"^ ^" vlbratlonB 
&! + • • • • «• 
A2 4> + -
31 ^ - * 
32 • - - + 
Hera *• and • sign lo coltuans of sysnwtxir opamtloa 
synbollea that ^ a alaotxonlo or vibrational wava 
















8l«n on th« applloatlon of th« Qytumtxj mlm^nt oono«xsi*d« 
She sign in IH and B^man. eolusmt £«pr«8#ata taiow«d «n<3 
forbidden ^vlbiAtioas r«8p«otly«i4r* i^ j^ t ^y and 7^^ in 
th« eoXusm uiul«r tz^ialation givaa the diveotion of 
the tmaaitian stoBeni;* 
In the C. ?oini: ^roup there are only two asranetry 
elements Tis X and 3:e!! « plane of sefleotion eoinoiding 
with the ooleoular plane. All the eleetronio and 
Tihrational levels otan he elassif ied under two aoeoiea, 
naael7 A* and A*' • t*o deteraine the nuaber of vibration 
ve again folloir the relation flren by rfersberg (S) . 
The total number of atoms M 
o 
• 12 
'tSh9X9 m m nuaber of sets of equivalent nuclei not 
on any element of sananetry « 0 | n^ » nuaber of nuclei 
on a l l synaetry elesaents present in the aoleotale •> 12« 
Thue the nuaber a' vibx»tioaa 
« 21 
and the nuaber of a« vibrations 
o 
« 9 
the ^araoter Table for Cs point «xou7 alongifith the 
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number of vibrtitlona aodler eac^ spvoles la given In 
Tabl« 3«1 
i^liftraef r Tabl« ftor Ca polat ggotts 
C I XZ in iianan !luaber of Tnnslatloas 
° irt.bxatioas 
A" i- - -•• > 9 T 
The spectra reT>orted In the present Ideals are interpreted 
along theae lines and their main featiiree are found in 
oonfirmity vlth the above ciiaracterietica* There are, 
however, violations v!>ii<!h ate mainly due to the fact 
t^at the molecules uaaalljr belong to a eyoaetzy gzoup 
lower than the aasuiael for theoi. i s a reault the 
selection rules governing the appearance of vibrations 
are not rigorously obeyed* This has been discussed at 
the proper places in the thesis* 
iiawan Spectra of Jetiaene wid Deuter ated aenaenet 
Raaan spectra of beneene reported earl ier , was 
recorded wi^ the old conventional sethod usin^ a low* 
pressure auroury disc^iarge larsp* This device produce 
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a number of Inteaa* litmrn of uhloh ^os« at 4?5S end 
5461 A** aro partlealaxly uaoful, fhe aajor pxobles *rltti 
th« oarl^y/diai^arga aouroos v«ra l ino width and oontinuum 
betwoen tho latongo dlsohaxgo linos* i^ ltb the dlf^eoTery 
of laser aouroos, t»)e<ae dieai^ aQka were renoTod. The 
pzlffiaxy advantages of the laser souroea over the dlaeharge 
lanp aiw the laclt of eontinuus aira;^  froa the laser osiasiofi 
and the single Intense l ine . Using a oontinuos laser, 
photoeleotrie reoordlng of Haman speotim i s an obrioui? 
developsent. I«eite sind Porto (9*10) were firsat to 
aohleye tibia iHien, in 1965 and 1^4» t h ^ reeordsd exoellent 
Hafflan spectra froei biineene ?>laoed in a oell within the 
laser oavlty* 
ni^ .h resolution rotational Itaaan spectra of henssene 
and liensene d<»6 were obtained by atoicheff (11) and 
syE3bp«8ene-6 by Langseth and 3toi<disff (12) these speotra 
were a^ed to determined th@ ground state rotational 
oonstants-Hore recently Cabana et al«, (15) have deter-
mined the round atatti rotational oon^tant of C^ g^ and 
CgDg from h l ^ resolution (O.Ol - 0,05 ca»"*^ ) Infrared 
v^ band of these ©ol«cules« In h i # resolution rotational 
vibrational Haman spootj^ of benaene '^elsh (14) have 
snalysed the rotatioial Baaan atruoture of V, !!?nd 7^ 
vibration'^. In the oase of rotational Ba«an structure 
of Vj^  vibration there i s SOIM overlap-5ing of rotational 
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litmmn atruettiv* of V,e vlbrfitioa Velsh (14) has oonol«id«d 
fh&t th« 8i>«otr& art ooly ipartiaUr staolTad «ad usaful 
ooastants haT« baan obtalaaa fxoa total ly aynaatrio 
Banaa bands of bansana by uaing auitabla eoBptttational 
prooaduraa. Tha ^raoaaloas of tba vaault la l iaitad 
not only by tha Inatriasantatloa raaolutloa but alao by 
ayataaatio arxora Introdiiead by aadaxlying bot baad 
atzuoturaa* 
Bamajx apaotza of otho and mata aubatitutad atyranaa* 
athyXbansanaf n pzopy:Lbaneaaa» panlafIuo«-xobanBonltri.la» 
I»3ff5 trlaathylbanaana hava baen atadiad by many 
voxkara (15,16,179X3}» In «ia oaaa of 1,3»5 trlaathyl* 
baasana i t has bean found ttiat aoaa baad a appaar In tha 
lafvarad and not in tha Baatan ffp^ctxwBi aad aoBW in both 
apaotra* :rhi3 la indieatlon that baada ara ayeaaatzy 
fosbiddan, but ^ a t no eaatxa of ayaaaatigr la pcaaant. 
rhia axplaiaa ahy tha 320 oa band noxaally praa«nt 
in tha RflUMui apaotrua of 1,5,5 aubatitulad aroaatlo 
ooapouada la abaant* 
In Tiav of tha a^ora obaarration in tha oaaa 1,5,5 
trlaathylbanaana and cthar subatltutad banaanae i t was 
raaXlaad that pi&maxi apaotroaoopy la an Isportant tool 
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to know th« bttharrlottr of m ^ artioular nolteol* d«i»«]idias 
upon aywMtsy* with tht 4i«eoT«ry of X«««r imd i t s 
«9l>Xi<mtion la t1i« Iiat«r BMMUI spaetzosdopy It has b«oo«« 
posslbia to ealoulata tha dapolarlsatlon zatlo of tha 
Ba«an haaia mora aeeurataly and eonflm tha Tarlooa 
•Ibxatloaal aaalgtuMHtti vlth zaapaot to ayauMtxy vhlob 
vas not poaaihla only with tha halp of vibrational 
Infsarad banda. fharafoza, uasar Baaan opaotxa of aany 
subatltutad banaanas hava ba«n raeozdad and analyaad on 
tha basla of tha dapolaslaatlon xatloa idiara It has 
baooaa pooslbla for us to ealoalata tha dapolarlaatlon 
ratloa and conflra tha aymiatry of tha partloolar 
Tlbratlon* 
3oaa far lafrarad vlbxatlona hara baaa raportad In 
^ a oaaa of b^aana* All ^aaa fsaqvaaolas hava baon 
aaalgaad as tha dlffaxanoa of tha two foadaaantal 
•Ibxatloaa. Oaflnltaly thla Is an adTaaead stap In 
tha dlxaotlon of aasl^lng tha aolaeolar -vlbratloas. 
This has baan raallaad graatly vlth ^ a ebsarvmtloa of 
dlffa»mea fraqoanolsa la aoat of tha aa^tltatad 
b«iaanas. Whan tha far laf rarad data vara not avallabla 
It vaa alaost tsntatlTO to aaalgn tha dlffaranea 
fraqaanolas with ths halp of the values of tha fundaaantal 
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•Ibmnoiis . FellowlQ^I vl1ix«tloiM hmr* b««a a9<ii«ii«d as 
«i« diff«x*ne« fr«qa«nel«« la tha easa of baasana aa 
raportad aaxllar (19)* 
Diffaranoa fcaquaaalas la tha oaaa of boaaant 
• Taeaua lataaslty Analgmaat 
JSL 
X17 V.M. Vj ^^3-^13 \ u 
140 V.W. ^17*^14 %u 
168 V.^. V^.T^ F^ ^ 
Fai^lnfaarad apaetta of aabatlttttad Baaaanaat 
AXtboufih tha <|7aat ntuabar of tha fuadafisntal taoA9n 
of a aolaeola l lae lii tha Infzarad zaglon raaga 400^';300 < 
thara ara often low Xylag b«idlag ribratioaa and In easa» 
i^ara haavy atome or waak bonds ara InrelTod stxatefcin^ 
fvndaaantal Tlbxatlooa balov 400 on • nmiy of thasa low 
lying daforaatlon anl atratoiilai aodao asa fonad balow 
400 on jrenga a sanga whld) la now axpasiaantally 
posalbla to xaooxd within the las t faw yaarHf Taxloua 
sfflall bat naaily ful ly antooatlo grating Mid Fourlar 
Trwiiafora spaetzoi9hotoaatar wlil<^ saaa out to 50 INI « 
-1 
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hav« app«ax«d en th« iwi^et* It Is th0v»fore niasonablo 
to •xtt«pt that th« ap<>otxiRX xmng* b«tv««n 400-90 en 
v i l l be thoxou^ly seiftxehed anA mmp-^A la aov a dajrs, 
partleularly vlthln tlte al» of eottpletliw; the '* finger 
pziiitliig" of ehMiloaX oospottada* 
The aattire of the fondaKeatal rlhxatlonal nodes 
eaeottntesed la the 40(>*^ oa seflon la aose iihat 
dlffevent eoapared t o liliat of the faaAaaeataXe la the 
lafvared to ahozter witTe length* 7he Iov->Iylns nodes, 
on aoeouat of their veak foree eenetattte» axe to a 
reXatlYeXjr gxeat extrnt lafltteaeed by Interaction v l ^ 
other vibration by ohMigea la ttie etroetttxe or ooafoaaatlon 
of the aoleonle and eo forth* ifnrther laetoi>le iRihetltu* 
tloae la not of as gri«t •alue as the near Infrared range 
alaee alaple e^oare^xoot ehlft are generally not observed 
due to the ooaplleated aataze of the rlbratloas* 
It Is ve i l knew) Hiat ?ar-lafraced speotznseopy Is 
a powerful tool for studying hydrogen beading* Stenevteh 
(30) has studied the far Infrared apeetxa of earboicyllo 
aold allh a Tlev to assign the hydrogen bonding frequenolee* 
He has assigned the absorptloa bands to hydrogen bend 
deforaatlon aodes In Tarloufl oarboxyllo adds* In benxolc 
aold hydrog«i bead fttnlaaeatale r^ sad • . have been 
assigned at 107 and 70 oa respeotlvely while the 
<mleulated value of the frequency oorrespoadlng to 107 ea 
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i s 124 w'^^ Uuflf •« aX«(21) pieepossd « ooinnn«lii« 
ocLf«xloa for t)i« Msl4piB«iit of li3rA»c«i^aoats« A >aiiA 
»«9l<ii«4 to Ibo aodoo i^  or % thovHd dtoappoar 
ooB^Xotoly. i f %h9 H otoM of hydxogon bond i s oubsti-
ttttod by s «xotti^  (or sto») loospoblo of Iqrdsocon bonding» 
for iaataaoo tho aMthyl group* Toblo 2 sliovs soao of 
thoir dots sad ossiga««at on Xov froQUoaoj aiotioiis of 
ososols* Motbylphoaolst ObXozo^ bfcioXs md tho oorros-
ponding onisolo* 
lnHyi<rfifff4 i^tffigllti ill fttii gtfw.ttt!^lt4 Ffttwilt 











































































«*OCH« to colon 
Tho oooiinaoat othoy than • ozo toototti^oo Saotson^ 
•i«odltt9t WbxooAt TaTOiqr «nd ShMOboiiXdior 
Tho 39ootcn voxo obtaiao4 viHi m BXX0«^ F5*520 MlohoXoon 
Intoxfosoaotor vlth o 0,0005 I n ^ (0,0X27 an) ^Xor 
boon otfXlttor oad OoXogr dotootov* H l ^ fso^uonoar 
mdliitlOB (7600 im ) voo roaorod by a hlmek poXy^ othoao 
f ix tor* 
a donotoo a vlbrotioaoX aodOf tho f »oqu«i07 of 
v h l ^ I s oiasltl^vo to o portlonXmr not^zo of n oabstltwmt 
f» liioxo X mjT bo baXotfon aotbyXf and oo forth. 
a««r* Jaleobson (22) havo aXoo otudlod tho h/drogon 
bonding frofttonolos of •arlono phonoXo, Thoy havo aaalgnod 
40 
OH toxsioa f««qu«aoy In th« v«gioa 2S0-312 oa • In 
th« far-inftarod apedtra of soaa Mt»»«ub8tituted baaayl 
ooapoanAs* Vazdonolc «t al«(2»3) hara aaalgaad o*e toralonaX 
•J. 
frequaaolas tha ragion 100~X25 oa • 
Our aaln objaot of studying tha far*lAfrarad 
•Ibratloas vaa to atudyHiaaa vlbrationa in ralation with 
tha diffaraaoa f xaqtutaoiaa obaarrad in tha alaotxionio 
abaozption Mid MiissioA 8paoti« of aubstitutad baaa«aas« 
29tox9 th9 advant of far^infcaiead apaetsoaoony i t vaa 
almost t«ntatiTa to aasiga th* diffaxanoa fzaquanoioo 
oa tha baaia of tha nuaarloal Taluaa of foadaaaatal 
•ibratiens. riov i t hae baooM> poaaibla to assign thssa 
diffaraaoa fsa^uaaoiaa aith gi;aat pzaeisioa and noza 
affaotiva vay dua to availability of tha oosraaaeading 
faxvinfsarad yibsatiofln* 
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1% la w%X kBOioi %hm% iMtmamA •9«eti»0«0vgr la 
3%«wrl^ (9) luui «««di«d tli« fft»->iafc»i«4 cyM^m • ' 
•AXtejg^a Mid with ft Tl«v %• *••!«« «h« lijAi«i«ft 
boaA f»ntt«MiM» TlM ^«uMl« ft^ilA aad i t s imdoM 
4l«iiTfttiT*« hKW b««a stvAiad ^j fXfttt (4)* ll«o%xl« 
dlyoltwofttat aaA lij4a«iftii Htufltng i s liMUMi« IIAS %••& 
X«90V%«d Hj MisilXft 9% 9X*i%) • XaflCftSftd S^ MtZft ftf 
bvaa&io ftOlA Mlicorlie loiA Mi VftllOia aeiA hacv* lM«a 
Ai»«n«ft«4 j^r AftMixi aifei Taaui (6)* Ti^xfttiomil •?•«%«» 
•f ftai^atitmtad ^«ftMi« \mf %msi 4ift«nift«d ^ Ovtna 
• t ftl»(7)* 7li« iafxmxvd albftasytimi •^••txiyi of 
»»ft.«»3E0li«ift0i« ft«id hmt b««a; Mipirlad )^ xm (8)* A 
•tody of thm mmtlimvtlb^aaai^ maiA warn xmAar takwa to 
obtftia d«tftil«A lafftaMttioM fttoottt tb* faadMUHitftX 
•ibxfttiOM ia tHa iMittd atftta* fluMM cvMad ttata 
•ibxfttieaft vlXl ^ iMlpfal. to tmaigtk tho osoitod ototo 
•llixfttioao of tHo Mltoiao ofeoosTod ift tho oloetsoaio 
oyoetxa. Ia %h0 yvosoat iavooticatioa vo aso pxoooatiag 
tho laoov Baaoat iafaaeod aad fa»»iafiasod 0900tsi of 
tho aoXooalo »iflaosthoaaoio aoli* Tho aaia aia of tho 
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ft Mxboxarlitt Mi i eta »• Al«tiag«Uluidl fsM ^tlitr 
9«s iai«l3r«i«8 1i^ * iatwmmA •9«d%Sft anA pftSliWK 
of Ti^sfttiettSf ftssiiitAao* tmm boon takoa fiwi t )^ 
iBIMtlfftl^MHHHi iii.iCTfl8iMI1MHM ** 
fhm «li#«leal m«t4 la %h% yziMtat isv««fifttlloa 
«m« pzeeai«a fmm ^hm I«ti!i»li<lit SabezatoviM Ltd.* 
•ad was atatad to tM of vai^ liifh paiitjr* flio ooapoaad 
was solid at xooa toayoiataxo* 
fho lafsaxod ofoofsoa of aMflaoxo^oasoio aoid 
warn soooxdod hf imjei m i l toohaitao mi a ?oiAeia>4ELao» 
dottlklo boaa izatlait lafcaieod opsotsopbot^Mtor 
(nodal 621) in tho lasioa Hotvooa yoo^'iOOO vaT^ aador 
liiili sooolatioa* aooa tlao vao 72 aiamlos «id fzofooa^ 
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plio«wMt«s mm 0tliMmt9d vi%% tli« licXp of «1HI 0p99^wm 
•f %lM thla flli««t of pilytistM* IntWKsU. •ftotsoi of 
this —«yamiia i s »ipxoitt»«4 la tlw ?ii* 2*X* Baj 
Ai««z«B of tlio iafsozod opootsopliotOKOtor is SIIOVB in 
tho flu* 2»2« 
Xafcftxoi oatngf lo xoAiotoA ^ tlio Soxaot ilovo* 
ooaBO«to4 ift oocUo «it^ ^M flotiawi vlzo liootod aad m 
1!^ nmno luaiMt loiq *^ A flaod voito«o of iO volto i» 
9»rrl4o4 to ^o lumto» oad o VKiioMlo YoUofOt 100 to 
190 TOlto to t ^ cIo«o» Md iNOJAot* fiodUat oBomsr 
fXOB tllO OOWeOO l o OOpOSOtOd ifttO A lOfOXO&OO OBd ft 
soi^ lLo %mm by tvo yolao of aljesoso* fUzsesi n^ oad M^  
footto tho ooa^o Oooa om tiM ooab oad X^  oad N^  foooo 
^ o vofovmoo iMoa oa tlio oytioal attwaaatos oo ikoaa 
ia tko fig* 2«2* Sofoswftoo Md ooa l^o boaao oatos tbo 
Mapliag axoa tUm ia«ii^ u^mgt aad yaxaUol to oao 
motlior* Opaqao oliattozot aooalod oa tlio ooavoo 
boaoiact poxalt iadopoadwit bXookiag of oitlMv booa, 
Aftoir tiiio tbo xofozoaoo Ooaa i^ aoooo tkieagli 
tlio attoaaatoir sad tho ooaplo Oooa gooo thaoufh tlio 
ooak* Optieal attoaaatoir att^uiatoo tko sofoxoaoo 
booa to o^poliao tlio iat^&oitioo of oaa l^o oad vofoxoaoo 
Ooaao* TiM oytioai attoaaatov la a aotal foil i^ sMlooIjr 



















9li«t««teh«d so that its tZKiMBlMioa o h n g M XiSMUAj 
ftloag its Icagtli* Its netitloa at sail la a Alxaat 
•aaauia of tha txaaaalttaaea of tho aaapio* Vhaa tlio 
ooab to aevoA la tho oaap^ boaai tho aorvoaetos dzlToa 
tha optiaaX attaaaato* ia tlia safacaaoo ^ a a to ^ 
aqaallaa tho baaa iataaaltlaa* fho aaai^a and xafocaaoo 
haaa azo ooablaod lato a aiaf3.o hoaa hj satatiag oootor 
alneov if^ « Tho attoaaatov io poaltioaod hj a aozvoHMtox* 
A llaaas potoatioaotos aoaatod oa tho attaaaatov ahaft 
tcaaaalto tho poaitlea of tho attoaaatov to ?oa aovo 
oyatoa aaklag tha aovonoat of tho poa a xooocd of tho 
attoaaatov fooitloa* Aftov tho oootosr aineov M^* tho 
boaa iooo to tho aoaMhxoaator aad thoa gooo to tho 
thosaooeaplo dotootor* fzoa tho thoxaooeuplo tho 
oxtzoBolj oaall oi<aalo axo ai^ifiod with tho holp of 
pxoaai^lfloxo* Aftov aai^ifleatloa tho olcaalo axo 
zoooxdod with tho hol.p of a 90a zoooxdov ^rotoa* 
foztjr 9B0 lafsasod haads havo hooa ohoovfod ia 
tho cofioa 9OCMOOO oa"^« NOot of tho haada asa ohasp 
aad vail dof iaod ahoxo aa aoao othor haada azo hsaad 
aad I008 latoaao* Xntoaaitios of tho iafsaxod baado 
havo booa •ioaaXly ootiaatod ia tho aoalo 0 to 10. AUL 
tho baado havo booa aoaigaod ia toxao of Tazioas 
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fmdftBcatals tad ooakiaatioa and eT«vloa«« of th« 
fund—ntaX TiUxatlOtte* fh« asaiipuMttts of thm 
iafxoxod fsBoqooftOioo vith thoir latoaoltloo Imvo 
iMion givoa la SatoXo 2»I* 
TiiitT ywum fftffirfiMi ft i-lli»»l>fMiift AgM 
Tho looov fiaaon opoetvoi of B^fltioioboaaoio sold 
woo moordod by tho 5X49 A^ Ilao of A^goa loa of a 
opootsa Phjrole NodoX X64 Xaaor with povor 400 aV aad 
aXit vldtli 500 t aad vaa zooozdod oa a Jotola Tzoa 
Baaaa 9or miB opootxopliotoaotov. PtiotoaaXtlpXlor 
voXtoiO was X040 iroXta I aeaa apood vaa 50 oa par 
alanlo* Tho tcaoo of tho Xaaav Sanaa apootcaa of tho 
oald ooapooad la sopxodaeod la fig* 2*5* 7ho pXaa 
for tho Xaaor Saaaa apootioaotor la ahoaa la tho 
ric. 2»4. 
Laaor Raaaa apoetroaotor ooaalota of a Acgoa-loa 
Xaaor aoaroo oalttlai xadlatloa of vaToXoafth 5X45 -4^ « 
Laaor hoaa ontoro to tho oaaiAo f roa Xovor aurf aeo 
pXaood hoXov tho oaa^o* Aftor thlo tho Xaaor boaa la 
feoaoood with a OOOTOZ Xoaa aad It gooo to aoaoohsoaator* 
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9mtd snd tiMiJP ftMlgmvnk* 












































a* 0«0i b«««la( o.p* 
• • 0«0 nut 4il^ir»atioB ••p* 
• • GiiO ring 8«liBr<t«IUn 1 ^ * 
%* OiiO fiBf d t l b r ^ t l M 1*9* 
«* e«C «l»f d«formtl«R ••9« 
« • 0*y h«ii4tng i«p« 
« • 0«ll IWRdii^ ••P« 
• • 641 totndiiv 
m^ 0«9 b«n«flf)i Oft9* 
ft* QmS ^ildLf^ • • 9 « 
ft* 041 tendiog t^m 
ft* fifig hfftatMng 
A* 2 a 555 
ft* 641 hftftdtH 1«9« 
ft* (Mi bftOtiag t^9^ 
50 
«eitf and tlMir aMigirttnt* 
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«« o«o fiiic i«f«ra«ti9« o«9« 
ft* Oi^ OH b«ii i lag 9m9» 
• « cue ving dtfoy^i^ioii • • 9 * 
•• e ^ rifif i«fori«ll«n 1«9« 
ft* 0 ^ l i i ^ 4ftlbr;««tiMi l«9* 
ft* C^ fine e^f^fm^tiom ftct* 
ft* o«y ^ndlnt i*9« 
ft* 6«X bfti idl^ ft*?* 
ft* 0«X bftftdtnf 
a* (VaS ftvi^fttiiiii 
ft* 0«A iMQ^Bg Otttt 
ft* 0 ^ ^f td l tV ftvP* 
ft* 0 ^ b«fidiiK i ^ , 
ft* f l ^ ^iftfttidat 
ft* CmM bftftdtag 1,9* 
ft* 0«S toftotfiiig i«9« 
51 
1225 5 ** ^^ ^«idUif i«9* 
1265 7 «* C ^ b«fxSiiif l , f • 
1295 8 ** ^ ^ «tr«l«l)lf)f 
1315 rt» A» 765 • 555 
1V55 8 «* Oi^ atiMli^tii i 
^i85 5 a* <M3 ftyvttfblQg 
1550 ih A« 995 • 5«? 
1570 til ft* C^ •feMtftHiag 
1590 7 ft* 0«C ttrftt^liif 
1«75 8 ft* 0 • 0 fltyfttftliliig 
1710 til A« 1295 • M5 
17«5 a A* 1210 • 555 
1820 2t b A* 1265 • 555 
2660 5t t> A* 1^5 • 1210 
2850 9 A* 1599 • ial5 
3060 Ok ft* Q«S ttntft i i i i ig 
Votfti* ?lgital estiiiaslfts oi thft iBtMitlttfts bar* iMftft 
takftii on tlift Milft 0 t o 10« 
i»p« • IfwalaBft, o«P« « eal«ftf«plaft«f 
b « broad, i b « ^iaiiX<wr 
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Aftts eoBiai tmm tli« wmochcwuitor th« 1I«MI fal ls on 
m V^tmnXttvlUT %«»• Hmmgh th« Xmrn* ihtlwm tnm 
9lu>te«iltl9ll«ir «M Mplifl«d ^ i^tOB Mimliiai 
S^milti 
8ia«tMm B«Mui beads hifv* b««ii obMirtd la 
uaiwlasiMd BMwa spovtsoi* Baawi aliift* fXMi 
205*1070 « r ^ h«f« 1i««tt M«Mnx*d» HoMxally »11 tlw 
BMMH to«ad« IUM t^m»9 •»& « i l l dtflaad* AH tho i^tan 
bands hsv* b««n nasignad in ttaui af faad«B«ttt«l 
•ibmtloas and aMfbiaatioa Tlbsation of tbo fnndaaoatala 
of tbo noloovaOft Tbo naal«nBon% of tho Baaan fzo^«oaoioo 
nxo clToa in %bo Tablo 2*2* 
§ggf M > g 
?a»»laf»MNid apootsaa of a»fltioxoboaaeio aold 
vao xoooxdod on a Polytoofa rx&»50 7a»»lnfiaxod apootxo-
photoaotov in poljrothloao aatslx in %lio xofion 50-400 OB*^« 
tbo tsnoo of tbo fa»»iafxaKod apootvaa la sopsodnood in 












150 250 350 450 
53 
Mta-»nuioMbemele aaitf amd 
EMflii fM«a«f»lM Zntmslty 







































a« C«-CSO0S b«n<lifig o*P« 
«» 0«o9 bcnainf o«9* 
»* C«iC ring d&fdVttatlon 041, 
ft* C«G rine dvfofrsatloii i«9« 
ft* 0 ^ ring d«£MP«attofi 1«9« 
ft" QmC r lAi ^f<^iftlltiOII 0»p« 
ft* Om9 iMndiiig i«p« 
ft<* CUR banaiiig o«9» 
ft« 0«a bftiHting o»9« 
ft< ring brftftthlflg 
ft* QJH Hftlidlng i*9« 
ft* C*F ftrfttfthlfig 
ft* CmO fltrfttetiing 
ft* 0 a 0 strettttilng 
ft* C«ll itritfthlfig 
ft* C«& ftrftleHiag 
iBtfti naii«l ftsUaatfts of tlw Intoiiiitlftt iMro boos 
takm Oft tiM sooXft 0 to 10« 
i«Ii* • lft»ia«ift| o«9t « o«it^f«^aiift, 
« » ftodlftft iUroog, ft • ttrongf w • v 
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l^o-loa«t*r tm Aoim la % lit fig* 2* 6, Th« p:d.ttol9l« of 
^ « fa»*laf»ur«4 •p«etsepli<itMMt«r i t §!••& ^«Iov* 
f*»»iiifx«x«4 •9«o%si»ph*t«Mt«r optxatM ••••&• 
t la l ly lA 1fti« ztgloa 55--800 eiT^* Th« •9««txeptete»«t«r 
! • ii»«d la • l^«v a aiaiXo or danML* op«x«lloa« Xa \h» 
•iaiX* liaaa aposatloat Hkm «M3qgj tsaaaaltt«d Iqr tli« 
Mui9l« la dlxaotl/ aaaaaxaA^ aslag a llaaav aayllflaatloa 
•grstaa* Xa 4ott)»I« Vaaa apaxatlea ea t&a aliiav hsad aaa 
la itada af oiptlaal aaU. telaaaa aathad %o zaeosd tiM 
tsaaaal%%aaaa ar abaairiMaaa af %lia aa^^a. 
Aa axtzaaair ld«li xaaaXatlaa la aiAlafad l^ r aaaaa 
af a ixatlafi aaaadiataatav* 
Tha caatatlag data {% tsaaMd.ttaaaat / al^ sazbaaat* 
as aaaisy Im WKW aaaliav) la la Iba thapa Pf a oatyat 
af llaaar atslp ohart xaaaxdav* 
Tha xadlatloa aaaraa aaad la apaatxo^iataaatas 
la a pavasfka Basaaxy Yapoav Imapp with It a glaaa 
Mrrv&ap xaBorad* Oaljr tlia laaai^ taairla ¥al^ 1» aaad* 
Appaxaatlyt It la palr^iixaafttla fl<* 2.5 pvaaaata tha 
aptlea of tha laatxaaottt la tha daaWla kaw apasatlaa. 
A htm aaaraa xadlatloa la vaflaatad hj a 
oaaraaqilas a l m r N^  aata ^ a alsaalas dlaa Aapad 
^aapav O^ t oaa half af tha dlaa lo saflaotlai aad tha 
My ^^>}l^^^ 
1^ 1^  0 - ^ . ^ • M , 
A CHOPPERS IN FIRST HALF OF REVOLUTION-
SAMPLE BEAM TRAVERSES INSTRUMENT 
B. CHOPPERS IN SECOND HALF OF REVOLUTION-
REFERENCE BEAM TRAVERSES INSTRUMENT. 
Fig.26: Roy diagram of a far-infrared spectophomcter. 
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oth«r hflO-f i s tZBn«p*x«nt« Sh« dlse i s maA* to n>tat« 
px«8«Bting the two aaetors aIt«xQ&%Ay to th« ineld«nt 
•^an« ObfVlotu^ y thm ehopp«r aots to dlrldo tho orlgiaal 
oontlauous 1>O«B Into two pulso** oao 9Mi0lii« thxevili tiio 
aanplo tho otlior tc«ekiii« tho rofovenso* ft 1« furthor 
ol»viott8 that the tvo piilsee rnx^ eoaplettly eot of pheee* 
The puleed heaie eater the Bono^soaetor I end eeeh of 
thea eaoouBten vith O,* another tfiopper Ideatloal to 
a^. (^ end Cg ere ooapled etieh «iet ^ y rotate 
syutiiroaotteXy. The follovlns optloe eiiggeet that the 
alternate polaee of optieal eaergy eater the aoao^roaator 
proper (Chaaber II} through e l l t 3. after interaotloaa 
»l»h <».blnl»< lanor «j, u>d M, •»« M>Ui»T m t . r Af. 
la tte •eaodijsoaater proper the beaa la dlreeted 
to a eoIXlaatias aineor M. «hl^ dlseote It to oae of 
the fbar dlapersloa gratla« 0» aoaated oa a rotatlag 
platefoaa* The gratlaa dlreete the diepereed heaa 
baok to M^  ehloh tarae i t iato the exit e l i t n^* throii«h 
the dia«oa«l mirror H,. 
The heaa enteriag al i t 3^ i s quite aoao^reaatio 
aad i s paeeed eahaeqaeBtly throng oae of the e i ^ t 
traaeaieeioa filtera aoimted oa a turret TF aad is 
refXeoted off a dia«oaal H oato a fooussin« airxor !ly« 
n^ foousaee the heaa to the deteeter O* 
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09tla«X nttlX btfi«ae« ai^oA* fk9 4«t««les aota «• a 
•«i««s and a f««d baek ^ataa adjmats the Taziabla 
optleal attasoator A ta allov ooXy a portlMi of th* 
Mfaxtnea ^a«i» aafflalasl a&oailli to oa»qr tlio aaat 
aaouttli of OBomy to dotootor aa tlio aaaplo IMOB dooa* 
fho doiioo of attoaiiatloa» ttiaOf la a disoot aaaaiuBt 
of tho ateoi^taaeo of tlio aoaplo* flio atsip ohaH 
zoooxdov iiToo oat a #lot of tlio % •boosteaMO Yo «av« 
awbov* 
Baaaitt 
Thlstooa fa»»liifimxod baado IUKVO ^oa soooxdod 
iA tto xogloa 50«-400 oa • Fov of %h» IMUBAO aso ohavy 
•ad voIX doflnod vlioxo aa aoot of tho teaoda axo ^soad 
•ad looo latoaoo* Xaiaaaitioa of lAio baada havo booa 
aaalittod latoaoa of •axioaa faMasonldiat orostoaoo 
«id dlffozoaoo of tho t«e faiid«Miit01 Yibvatloa* Tho 
aoalcaaoato of tho fax>»iafsasod fro^aoneloa vlth thoiv 
istoaaitloo hoTo booa fivoa la fablo 2*5« 
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Tiria« 2*3 Fay.inf)ray«d f^ tquwROlM of »ta»nuofobeiMM»io 



































1550 - ^15 
l!yarof«ti bond 
1675 • 1'l»85 
« • O«43O08 
" * * ^ 
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tattd to^aswM vli«M %wo lijAxeg•& at0Mi of b«iiMB« la 
•&• and Hiraa paaitleaa axa sa^laaad ^ COOH gnay aad 
fXaexiaa atoa zaapaatlriily* Tha •olaaalar atmalmua 
af »»flaaxob«iaoia aalA la §lrmi MIov* 
F 
COOH \ 
It tha 4Sony COOS la lagasiad aa aiaiila aaaa peiat aad 
fXvasriLaa ataa «id OOOB gmvLp l i a la tha ^Imam af tlia 
aalaaalat %ha aalaaaXa »»flaaxabaaBela aeld aay Mlaag 
to Ca palal gsaap* ApasI f loa tklr l j aoaial aada af 
vlbxatloat af ¥aaaaaa ^a ia vUl alia ba aaaa fttadaaawtal 
•oda of Tlbsatloaa dao to tha aabatltaaaia* AM thlzly 
aomal Tlteatleaa af baaaaaa aiidav Oa folat fxoap axa 
aXaaolflad aa faXlowa 
21 plaaar (a*) and 9 aaplanav (a** ) apaalaa 
nia irlbzatloaa a* axa tota l l j ayaaatxlo aad ilTa 
zloa to polaslaad Baaaa llaaa lihasa aa a** irlbsatloaa 
aia aatli^aBatslo aad i lra visa to dapolaxlaad Baaaa 
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of % ) ! • faaAwMAtal fx*qi»nel»« lmT« b««i doat on tli« 
ba«l9 of tho ooapAXloea n i ^ ^ooo of olalXar soltooloo* 
Tho 0-iH otcotidiiiig fso^uoneloo la boasoao azo 
dozlTod fsoa tho foUoviag aodoo of rlbzatieao 
a^(3062), *3^^(50«0), «2^(5047) aad ®^^(3O80) 
fho la«% tvo aodoo aro doubly doc^noxato^ ^ooo aodoo 
vlU. gLf AtM to foos CMI atzotoliiaf fxo^uoaoioo la 
dloabatittttod bmooao %ho goaaiaing fzoqaoaelta «111 
dopoad «9oa tho aaao aad aatoxo of oabotltitoBto* Xa 
tho pxoooat lavootl^atloa i t vao ae-l pooslblo to 
xoaolvo a l l tbo four fsoqaoaeioa* Oat of tlioso oaly 
oao fsoqaoBOjr at 90^0 oa la lafxaxod apootxoa IUM 
boon aaalgaod to (M! otvotohlai sodo of Tlbzatlea* 
Xa tho Baaaa apoetzaa of tbo aolooaXo tvo baada at 
50€0 mA 5070 oa"^ havo booa obaoxvod* Xt la ooaeliidod 
that tho baada obaoxvod la tho "S^aum ap^otnia aro aloo 
duo to 0-H atsotoiklag Tibzatloa* 
C«H Boadlaa Itedoat 
Tho alx la^plaao bindlag Tlbsatloaa aso doslTod 
f » a 02^(1540), bjj^CUSa), ag^dXTO) aad Oj^ (^l037) 
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•oa«» of b«aMA«* Covzvspoadliig to thoso mix (Ml 
l»f»plftiio bniiAiiii irlbxmtloaOf tho lBfc«rod boada ftt 
X065t U50, 1225 and 1265 o**^ »«• Idoatlfioa »• C-H la-
l^ loao boadlufi Tibxationo* Xn tlto BMioa o^ootxtia only 
OAO band at 1170 m"^ «a« obooarrtd i^loh oosroopoada to 
C*H iii»ploao bosdiag aoAo of Tlbsation* 
Tho ottt«of plana boadiag vlbxatioaa asa darlvad 
f3»a b2^(995), Oj^OTS). •igC849) aad ^2^^^) aodo 
b«iao&o* Za dloabatittttad baaaonot foar <M7 oat«^f 
9laB0 baadiac fsoqaaaoloa asa obaaxvod and tho gaaalning 
vibxatioBo oorzaaiieBd to t)i« baadlag aodoa of tea aabati* 
taaata* Za tha pcaaaat Inraatl^iatloa tba iafxaxad baado 
at 765» 300« no aad 995 aa*^ ara IdaatifLad ae 0-« 
ottt of»9laaa baadlag tibxatioaa* Za tha Bamm apaotnia 
oaly oaa baad 900 a« vaa obaazvad vhldh oossaapoada 
to C«>H ottt-of plaaa baadiag aeda of vlbx»tioa« 
¥ha Ibar ohaxaetaadatle akalotaX otratohiac aodoa 
of 0 ^ boad la baaaoao^ nm^Qlj 02^(1596), 0^^ (^1485)t 
b2^(l?10} aad •^(992) asa ozpoetad to glva zlaa to alz 
eazboB atratcfeln^ vibratioaa la sabatltutad baaaaaaa* 
fba doubly dagaaazata Tibxatioa apllt up lata tba 
ooapoaaats aad ax sadaaad lyaaatxar* Xa tha pzaaaat 
laraatiaatloa tha iafzazad baada appaaslag at 1590» 
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X570» 1485 and 1455 mT^ mX9 identified M 0*0 •tMtehliig 
vibraUen fbr th* Mdd «ol»aia« sad oezreapead to donVIy 
dtieaecfttt ned«« •3^4(1465) « d •2^(1596)* In the fiamai 
•peetain oaly on* band ftt X447 oi'^ idiloh oorresponda 
to &-C OtSOtfllllllC TlllXAtlOA* 
Aaoiifiottho (M} dan 8tx«tclila« fro^tio&oloo of 
boa««io tho ring bstatlilim Tlbzfttloa •xgi^^) ^ aono* 
and «tta dlaubstitutod boaawoa xtasalna nanr nbovt 
1000 OBT^ idioso m» in orlho dlanbatlttttod Ita aacnltodo 
Inezonaoa* Za IA10 9sa««Ett Inraotlsatlon the iafzased 
band 1085 ea*^ and the BaMui band at 1088 oa*^ ave 
Ideatlfied ae xla^ bxea^iac •Ibzatlon* In the eaee 
of l-flttoze-2i4 dlaltzebeaseae (IX) Ita Talue haa be«i 
taken at 1065 « and 1074 ea in Infrared and Baaaa 
apeotra. fhle Haan freqaattej le pelaslaed beeanae the 
depalaxliiatloa ratio for this frequttnegr la 0«60« 
The slag def)»aaation freqiMaey in ettbetituted 
banaeaea are expected to ariae fa»a e2-(606)t b2.(703) 
and 024(405)* The degenerate In-plaae zLng defbraatioa 
e2g(606) node of benaeae aplita into tee eoapenaDta. 
The infrared bands appearing at 55< and 640 «i*^ are 
aaalgaed to the ooapeneata of 02^(606) node of oenaene* 
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O0SK*«9da4iii« &«Mm to«iiAs ax« ob««cr«d «% 550 aad 570 OM « 
7h« Bed* •24(405) • f 1i«a««n« aplits up iato ^«» eoKpon«ntt 
Bp99%wm of %h« said ooapeuad only bond at 415 cm i s 
oonaidozod tho tip^r ooapoaont of •211^405) aodo* fho 
ItMHui bond at 400 oi^' aagr ba aaalcnad aa out-of pXtmm 
ziBg dafozaation vibration* tba infsarad band at 
545 oa aaj ba ooaaldaxad aa tha Xovar ooapoaant of tha 
02^(405) aoda* Ho oaob band «aa obaazvad in tha fiaaaa 
apaotziw of tha aald oo^^aad* fha band ebaosrod at 
655 and 664 on la tha infkasad aad Baaaa apaotxaa aza 
Idaatlflad aa oitt«-of piano Kiag dofosMtloa and 
Zafxaxad apaotxa of aniibov of aoao n d dla-
ottbatltutad flaozltto daxivatlTaa hava baoa atadlad by 
Sasaliihaa at al«(9) md thoaa of txl*-iiid totxaflaoxa-
baftaaaa by Faitaaoa ot ailvdO)* Thoy hava aaaifaad tha 
fMaaaaoy 1250 oa^" to 0»f atsattiifjag aodo of irlbxatloa. 
fho lafxaxad baad obooxvad at 1235 aa**^ * ahidh la «tson« 
la lataaalty» la aaaicaad to C»f atseatdhlag vlbzatloa 
fbr l-fltioso 2*4 dlaltsobaaaaaa (11)» oonsaapeadlag 
Baaaa baad fbr tha aaaa aodoa la 1246 ea*^ idildh lo 
ooaplatoly polarlaad* tha aagaltada of tha C*? 
atsatohlx^ fzofaoaoloa la aoao fluoziaatad banaaaa axa 
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glTva i s %)it fmU.« 2* 4* 
olNi«srttd ftt X295 en*^ la Misi«a«4 to ^ » totftlXy 03PaMtt3rie 
C*f •tsttohlBg MAC of vltixfttlon* CozirooiMiidii^  BIMA 
Hind far tbo ••»• aodo vms olMoxvvd «t 1295 «• In %%• 
Mamma. «ptot»m of tho oild ooBponail* 
IIW • hi 
9^^ ffliPffffllllM ff««a*aMr I n amT*-
Moloanlo 
9*-flii08oti!ilese^aiisoao (9) 
p»yi«wxo¥sono%«is«M C 9) 














Tito 0^ la ploao lMa41ii« luio boos otudiod by 
aa^r i«iieoso (9tlltl3)« In tho oaoo of l«fI%ioso*2t4 
diai%£oboABoao aolooalo (11) ^ o 0*F la ploao boadiag 
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fx^q^mkOf la i<i#atlfi«d at 735 m"^ «Dd Is 9sep«sU 
0Up9eit«d hf ^elarlMd fiaaaa tTtqvumey at 749 mT • 
la tht pxasmit larastl^atlen tha ttnmg band at 
750 oa*^ la lafsazad a9*otm and 768 oa**^  in Baaaa 
aiNietxua hara aaai^aad to C-f plana banding ribzatioa. 
fha aagaitoda of 0»? i»»plaaa baadinc fxaqaaa^ in 








ff*Q gtlrtg^lllW I^WMIIgy* 
• 2.5 






An axtanaira atady of CM) atxatehing fxa<tttaao3r 
baa baan aada bf aaraxal voxicaxa (16«18)« Aaaavi and 
Taxaa (6) taaTa aaalgnad tha 0«0 atxat^iag ribzatioa 
at 1680 oa**^ * 1680 and 1 6 ^ oa*^ in baaaoie aoid» 
aalioylie aoid and ^thal io aoid xaapaotiraly* la 
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•a^Iocr te ^•99 fta«igiiM«nt8» th« •%»&< baad at 1675 mT 
la iafzAMd siMotxiui aiul 1645 mT^ in fiaaaa sptetsw hasf 
\mmi M«lga«4 %o CM) stvttoliliic vlbi«tioa t9X %h« aftld 
wil«cnl«« 
la «!• 9x«a«at lar*«tl«a'llda tli* lafsavtA ^aad 
at 880 mT*' haa baaa aa«i«aa€ to 0-*0H atrat^tfilag 
•Ibxatioa* Ho aaob baad aaa obaaswd la tha Baaaa 
aF*«t»Hi of tlia aelaoaXa* HktB aaal«sMa% la favaazad 
bjr tka aasi^aaaat* af Aaaazi (6) «i4 Tavaxi (19)* 
tha lafmxad WnA at 563 oa aaA Saaaa baad at 
361 m^ haa baaa aaaigaad ta O R^ aat of plaaa baaAiat 
aada* Tliia aaaigaaaat la alaa favaasad Iqr tlia aatlfaaaats 
Aatazl (6) aaA Tavaxl (19)« 
favavl (19) has aaal^ aaft tlia 0«-B la 9laa« baadlag 
aada at 1201 tot' la p^flaaia^haaal. la aaalaci" to thl« 
aasltfaaaat tha lafiaaad tead at ItlO mT^ haa baaa 
aaalgaad to 0^ la ^laaa haailaf Ylhratloa la tha salA 
oaapaand* 
ataaarlah (?) has atodlad tha fav-lafcaxad opaatra 
of eaxhexjlle aald vlth Tlav to aaslga ^ a hydzacaa boad 
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fMqutnolM* Za Umaolo *eld Itydwciii bend tmAum&AttXu 
^ and ^ h«T« h—n Mi«i«a«d at 107 «id 70 m"^ vmv9» 
UTaljr* Th« MleoXaWd valat of tlM fMctavaey oorrat* 
poadlBfi 107 fla"^ It 124 oa*^{3). In tha ^Maaat 
laTaatigatlon %ha liydngaa bead faadaaaatala baT« baaa 
takaa at 65 Mid 150 fla*^. 
Zn tlia fa»*lafsaxad aad Bstaa apaatxa of aoaa 
aata-^aabatltatad baaayl aaapoaadat Vaxdoaflk at al«(20} 
hava aatiffaad tha 0<^ tasalaadl fxa^uaaalaa ia tha 
sagioa 100«125 oa*^. Ia aaalofjr to thaaa aaaigaaaat 
tha band at 115 aa"^ wm^ ba aaai4Pi«d ta C^ tortloa 
Tibsatioa la tha said aaaveaad* 
Jakobsan at al«(21) hara aatifaad tha OH toxaieaal 
fvaqoaaflir ia tha sagioa 280*312 «a ia rasiotta ^oaolo* 
la tha 9»aant inraatl«a^oa tha OR torsioa iribzatioB 
has baaa a9ai4iaad at 300 m • 
O^ OOH oat of plana b«Bdiafi vibzatioa baa baaa 
aaaifaad at 260 oa*^ in baftaeio aald (3)« la Itia praaaat 
iaraatiiiatioa tha baad at 250 oa**^  has baaa asai«aad to 
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0~COOH out Of plant i>«aSlnfi aode* This aaslgiuMat is 
fttvoursd bjr th« aoaXgimnntB of Aasarl (6) and 
J«kob9«n {2X)» 
All otfaor f v*f|««aol«« obsoxvtd in iafXAieod aad 
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/aivialrarod s^Mtrua of Cynoqaiiidl 
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The elttotsonio and vibrational sp^otra of phenol 
and Ita laotoplc analogues hare been studied by f^an?i (1) , 
Oreen (2) , Pinedas (3) , Mat et al»(4) , Taradrajan (5) and 
Srlvastara (6) , Sleotisonlo absorption speotra of ortho-, 
aeta-and para-hydzozybensenes have been reported by 
3eok et al . (7)« 7hey have assigned the ezolted state 
and gsound state frequencies on the basis of few Baman 
frequencies reported earlier (8) . Infrared speotra of 
eateohol aad Besorelnol have been reported by Hidalgo 
et al.(9)» Infrared speotra In gaseous i^ase of catechol 
and Kesorolnol have been studied by Wilson (10). 
The fundanental frequenoles of bensonltrlle and 
Its deuterated Isooers have be«n assigned (11-14) and 
used to Intenret the eleotronle lunlnesoenoe 8peetruiii(13}* 
Vibrational spectra of bensonltrlle have been reported by 
Sltsen et a l , ( l 6 ) . They have also reported the vibrational 
spectra of substituted bensonltrlles. The Infrared and 
Kanan spectra of the ortho-* neta-and para-41eyanobeneenes 
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•»A t!i9l» Sins ««tttBm%«d i»wn hxw b««ii s«Mnu9ta liy 
O.v* Sla« at «a.*(1.7X* 0e«9ftx»tlT« malysia 9f th« 
of TlbSAtiea of oaoh aolooolo to 1M uiaiitBod* EoooatXj 
I«i« apakdhyoy 0% olAdd} !i«ro ttaAitd tbo ao«v ta%s»» 
•ioXot ftboozptioa oiNiotxaM ot o-a»l«obta«onl'trlXo Tapomr* 
fhoy oerzolfttod tho ^baeotlosil f»oq«taolo« Is tlio ozoitod 
stato vitb lafzasoa md BMHA fxotaoaoioo la tbo gxonad 
olootzeale 9%mt9 of tho aoXoonXo* 
It offoom tbot ooaploto Tibntttoiwl. npoetm of 
oynoquiaol liavo not booa soportod t i l l now* Thoxofoxot 
tho ttood vao folt to xooosd tho iafzaxod ohoovptloa 
•yootnai of oyaotttlael aoioeiilo md atudj tho •aziotto 
isouad otcto ftiadaao&tolo aad tholz ooahiaatlott Tlhzatloao 
la dotall* Thooo data allX ho Toigr moh ttoofuX to aaalyeo 
tho oloetz<mlo atoetza of Qyaoqalaol la idiloh tho ozoltod 
atato Tlhsatloi^n azo ohaozrod* tho lafzazod ofootswa of 
tho ofBoqalaoX vlXl fom tho haala to widozota&d aad 
asalyoo tho ozoltod atato irlhzatloaa of tho aaao aoloooXo* 
Tho fa»>lafzazod apaetanas of ejaoqiolaoX haa haaa zooexdod 
to atudy tho lov lylai vlhzatloaa idilflh asa TOigr nuti 
hal^ftxl la aaalgalag tha aaaoolatod o«t*of«^aaa vlhzfttloaa* 
3oao hjdzofOB hottdlag faedaaaatala axo ohoozvod la tho 
fav-lafzazad zogloa itfiloh haro ho«a atadlod Toxgr oztoaalToXy 
la ]^ oiM)I and Ita dazlvatlvoa* :&ov Ijrlad "flhzatloaa azo 
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vhieh v«x« net «aa«»rt«o4 ••zy 4lMU!l7 )>»foM t)i« •xplo-
ffifftiftifilfil fnwlifff» 
•ttppXiti by tlM B«0»H« C«*» SaglsnA axid stutod to bo of 
•0X9* hi^h pttilty ani woo uood idLth o«t fUrthor imxifl* 
ootloa* 
Tho iafzmxo4 oboovptioa opootxntt of eyaoquliiol 
mo sooos&od la tMT ^ l o t t la tho rogloa 250«4000 OK • 
Oa a Foi^la Blaor AoiAlo boos lafxaxoA 09«otxeiMioto«otor 
(aodol 521) tiador h l ^ xoooliilloa* 3ooa tlMo was 
52 al8»t«s« Aoottxaoy of tbo fxoqnoaoy aoaovsosoat Is 
ootlttatod to bo vlthia •*> 2 m^ la tbo opootxal xogloa* 
Tbo opootzoiihotomitor vao oallbzatod with tho bolf of 
tho itn^&%rw^ of polyatovoao* 
foxtj flvo bwadfl %mw booa olMioxvod la tho rogloa 
250<-4000 oa"*^ * ifost of tho baado axo obairp aad ooll 
doflaod ifhoxoao ooao otbox aso bzoad aad looo latoaso* 
XatOBoltloo of tho lafxasod baado havo booa vlgxially 
oatlaatod la tbo ooalo 0 to 10* AXX tho ^aado hoTo booa 
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ft««il4ii«4 In t«XMi of Taztoos fiiiid«Miil«2.« tmA ooa^iaed I011 
•ttoxstlottc 7li« ftaaigiUMMBis of %hm iafc«ro4 fvoqaoaolto 
with tholr litloiuiltloo im^m !»••& fiv«& la Yo^ blo 3«1« 
Zafxmxod opoetma of ojno^uliiol lo fpmdvti^d in Pi««5«l» 
fftffTtitfiiCT4 ffgfflaw ft ^MU^tkMi 
fn»»laf»ueo4 opoolBai of ogni^tulaol vao roooxt«4 un 
a ?oljtooh fX&»!K) fnx^iafxnxod s^totsophotoaetor in 
yoXyothlono •atsix la tlio sogion 90«*4QO on • 
fvolTO faj>>iafXftxo4 teoado teiw boon irooosAoa in tho 
xogioa 9>«400 «• '^ « Fov of ^ o bands axa ahavp and wall 
daflaad idiazaaa aoa^ of tha bands azo bzaad and Xao^  
ialttoaa* Xataaaitiaa of tlia band* bata baan asaifnad in 
taaui of vaxieaa fwidaaaii%ala» «id diffasaiMM of t«o 
fundoaantal Yibxatioaa* fha aosignttaiHa of tba far-iafzazad 
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I f y 
2t vs 
3* • 
^ f ^ 
1 , V 
I f V 
H f V 
I f « 
I f ^ 
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*•» T l 
at » 
ASSiffniMltS 
a** CMX! dofonatiofi 0*% 
A* 0«0 ring defbrmtlon o«ip* 
01? *'5t*tj''or! 
%• 0-0 r l i ^ dtfor<Mtioa o*?* 
« * 0«<^ btoding o*9» 
«* OmQ (toUBmation i,9« 
A» 3 ^ • 275 
• * (>-C ^ifoittatloii l a p . 
• * Cod a»flsnimtiofi 9«9, 
A» 275 • "•50 
%* C^m strwtohinf 
•** C«a l»«fidlflg o»9. 
m* 0«a b«Bdinf o»p. 
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I f V 
2« wi 
3t ^« 
t * . wt 
t f ^ 
I f ^ 






I f w 
5f • • 
H» v i 
3f lw 
« f • 
at • 
H i w 
a* 0«^ bending o»9« 
a* rifig br*«thlnf 
A« 2 « 505 
A» 330 • a ^ 
«t c^H stretohing 
A « 9 ^ • 260 
A« »>5b • 780 
at c»B b«fHling i*p« 
«• 0«H binding l«p» 
a* C«B bending i«9« 
a* 0«C 8tr«tehlng 
a* 0 ^ atretahing 
a* e«C stratablng 
A« »i50 • 1150 
a* (Mi atMtetilng 
A« 705 • 830 
a* G«<S atratetilng 
a* 0 « H fltratoblng 
A« 830 • 1510 
a* 0«4t atratoblng 
liotai Vlaiial aatlaataa of tba Uitensltlaa bare baen 
taken on the aeale 0 to 10* 
l«p, m in»pXane, O«D« • oat«of»pXana» 
•a m rtstf atvong, a « Btrong« ui • we^ atvong. 
ba « bfoad atrongy 





Wave number cm 
A50 
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Sable 3*2 i&^mVntTar^d tt^iMnoies of oyno^ml 





























TIf <fr9i«n bond 
0*C tdMf on 
Hydrogen bond 
A»Mi5 • 2te 
m** 0 « II bending o»p. 
A« W$0 • 260 
A» 705 - 505 
ft* 1150 • 9M> 
«• 1150 • 9IM) 
A* 505 • aso 
Xetei Tlftt*!. ••tiwit** of tbo Infconaitlo* hero boon 
takon OB tbe noaXo 0 to 10* 
s m «tvong, lib « strong bro&d« v « tfoiic. 
8b m •hoBldor 
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lih«c« tiisi« li3rdxoc«n fttesa of boastn* ar« vtplaMd by 
OH9 OB tad CI ^xottps* tli« simotox* of th« aoXeoult is 
*1TW b.10.. If ^ " ' 
OH 
Xf tb« gxeaps OH, OH wid OS tkX9 rtfazded fts stoma 
Mid i f OH, OH md CM ixottpo Xlo In tho pXaao of tha 
soXoonIo* CyaoqulaoX ean bo OOSOB^ waios Co v^mmttx^m 
•poxt fxeo thirty aoBUd MOdoo of •ibzatioas of boiis«ao 
^oaeo viXX oloo bo OOMO ftiadoMOiitoi aodoo of ribxatiOBs 
duo to ottbotituonto* Tho thirty aonuX iribcotiofto of 
bMiooiio ttodor Co poiat ^xeup axo oXoooifiod oa folXovoa 
2X pXoBor (o*) and 9 aon pXaaar (a** ) apoeloo* ?be 
•ibratioAo a* aro totaXXy oyMMtxie and giro xifio to 
poXarisod laaum Xiaoo iriioro aa a** vibsatioao azo witl* 
flgranatrie and givo siso to dopoXariaod fiaaaa Xiaoo* Tho 
aooigOBoata of tbo fuadaaofttaX froqiioaoioo and tho 
aaaXyaia of tbo bands hafo boon doiio oa tho basis of l^o 
ooapsxiooa vith tiiooo of tho siaiXar aioXootiXoo* 
XB azoaatie ooapoaads, 0«H atrotohiag fzoq^noios 
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mpp^mx lA tli« m « « 3000-»7XOO oi • fh«x« ar* six CMT 
8tr«tohi]i|( la b«iis«a« with tiM foXXevlac «ed«8 of -rlbxmtlon* 
•1^(3062), b3^^(3060)» •2^(3047) tad •j^^OOSO). Th« 
laiit two aod«9 ftz« doubly d«<«ii«s«t«» th«»« aodos v l l l 
«lT« >!«• t0 thst* 0<^ stxttelilag fs«^a«B«l«s la trlsubs-
t l tuttd b«ttMA«» 72M xMwlnliK f]E«<|iumol«a wlUL dOfNmd 
ispoB tb« aass and aatuM of tbo aiibstltiMat«* Xa th« 
psosoat larottlga^^oa I t va« aot poeslblo to ebsowo a l l 
thsoo (h-n atsatoMai for Cjraofolaol* FOX aad Hart la (X8-21) 
haTO atvdlod tba 0*^ otvatOhlai fro^aoaolas la aaay asoaatlo 
ooapoaada* It la ooaeladod that tba fsotaaaoy ob«oxv«d la 
tha lafrasad apootxaa at 9020 oa la daa to 0 ^ atratohla^ 
Tlbsatlea for tba aald oovpoaad* 
fha C^n baadlag aodaa ooeur la tve diffartat fxaqaaaoy 
rogloa I 1000*1500 GBT^ la«plaaa baadlaf aodaa (2X)« Tha 
poaltloa of thaaa 0«H dafosaatloa ara aalaXy datazalaad 
by tba ralatlva poaltloaa of tba aabstltuaata (23t24)« Tha 
aatura of tha aubstltaaata Is of alaeat ao eoaaaaaaaoa. 
Tb9 alx G^ la^plaaa baadlag Tlbratloa ara darlvad from 
02^(1340), b2^(1152), aggCHTS) aad a^^(X057) aodaa of 
biaaaaa. Oorraapoadlag to liiaaa alx la'-plaaa baadlae 
Tlbratloaa, lafrarad baado at 1249* 1285 aad 1505 m"^ ara 
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idiot If i«d ft« C-!i lA-^ X«tk« bMkdins Tibratioatt. 
Th9 eat-of«>pl«a« bcndlac Tibxfttiona la b«nt«a« arl8« 
fxon 1»2tt<995), •2a<975), •ig(949) aad a2^(673) aod«» of 
.b«as«a«« Xa tzisubstitatad b«ns«a«« ttir«« C«H out of-pIaa« 
b«iidla<i fs«t««aol«« ac« ob««zv«d and tte saaainlag Ylbsatlons 
eorxaspead to tba baadiag aedat of th« aitbstltiMats. Th«r« 
axa two fv«« adjaeaat bjrdxagaa atosti oa tba riag of 
oyaoqttlaol. Xt haa booa soporlod by BoIXaigr (25) that 
vhoa tho aoabor of adjaooat bjdsogoa aton oa tho ria« i s 
daozoaoadt tha out of-9laaa 0«H baiidin« Tlbzationa sbow 
a fartbav ahlft to b l ^ a r Mi«alt«la» la gaaaxaX* Balla^r 
(25) aad Ssaaaaky (26) bava ao^aatad tba aarzow fraqaaaoy 
rauosaa for tha appaantnoa of C«-^  oat of«»plaaa dafosnatioa 
vlbzatloa la tha eaaa of ^xaa aad tvo adjae«tit atoaii* 
Xa I l ^ t of tSi aaa aad alao tha obaarvatloa of Baadlo aad 
ifhlffaa (27)» tha lafraxad baada at 320* 330 «td 355 ea*^ 
attxibatad to 0«>H out of«*pIaaa baadlag •Ibxatioaa for tha 
aald aolaoula* 
fha fbur ohazaotadatioa akalatoa titratohlag aodaa 
of G-C boad la baasaaa* aaaaXy a2.(X596), *i^(^^^^U 
b^^d^lO) aad a^(992) ara axpaotad to CITO rlea to 
oax^a atratdilag vibratloa la oubstltutad baaaaaa* l<iodaa 
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d«g«n«rftt« rlbsatloiM wpXtt up into two oenpoB^nts ttadl«r 
Mdue*d syms^txy. Xa tli« prts«tit liir««tl«atloat lafsftxad 
bai^s apjwazlmg «t X450, 1495 Kid 1600 OH hiiT« to««a 
assigned td C»C xiiia stxstoliiag fxsqti«Eiel*s for ths said 
•oXsoiils aad eoxrsspoad to doubly dsisassats aedss •^^(1405) 
and •2«(^^^^)* "^^ lafzax«d band looatsd at 1340 ea*^ i s 
«83lgn«d to C-C xlag stcwtolilag fzs(|usAel«a, oorrssponding 
to ths b2^(13lO} aods of bsassas* 
Aaongst ths 0*0 ting atxstehiiig fcsqusney of bsassns, 
• h . >!»< br. .«hl», T l b » t l « , . ^ ( 9 « ) w > d . « . . . MM e h « « . 
In I t s aagaituds vhsssas ollisr fssqusaelss ax* affsotsd 
sli4|htl7 upon substitution* fbs aafnltuds of sing bxsal^in^ 
frsqusnoiss in son and atota dlsubtitltutsd bsassnss rMMiins 
nsac about 1000 oa vhsssas in ortho^diaubstltutsd bsnssns 
i t s Biacnltuds Inovsasss* In ths prsssat invsstigatlon, 
C*C rln« bssathlng frsqtisneir Is Idsntiflsd at 940 m"^ in 
infxavsd spsotzua of ths ooapound «mdss oonaidszatlon, 
?hs ring dsfozaatloa fss<ittSBelss la subatltutsd 
bsaasnsa ass dsrlTSd f » a Sj (606), ^2*^''^'^ *"** •2u^405) 
aodss of bsnssns* 
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nod* of l»«aB«a« ffplits up into two ooApofieats* 7he Infzmx«d 
bands ikpp9tkrLag ftt 905 aad 645 9m " &zv asftlititd to ttk9 
eomponwaXB ot m^^i^O^) sod* of bonsono for ograociaiiiol* Th« 
dembly d9«<m«^^* M<io *2tt^ ^^^^ ^ ^ ^^* ^ ^ d«««iiox»t« aode 
i>2^(705} of boasoat ropsosoat tho eat of->i>la9« rtxm defo3>> 
•atloa Tlbratloao* Oattr vodaeod egraaotxy* Hio fbzmor 
AOdo oplitfl up Into tvo ooai»oa«at«* Hov«vort la the preseat 
lafxazed epeetBui of the aaid eoapoaad* fze<|aeaeiee at 
285 aad 405 mT are eoaeidered the loves sad upper 
eonpoaeats of *2u^405) otode* lafrered bead obaerred at 
70S OB*^  haa beea aaaigaed to out of-plaae rlag defoxnatloa 
Tlbratloa aad oorrespoad to b2.(705} aode of beaeeae* 
Hie C-^ S atretehiag frequeaey haa beea reported 
earlier by aaajr voiters (23,29). fanda et aI«(2S) have 
aaalgned this freqiueaoy at 1160 oa la o - fluorobeaso-
a l t r l l e . la the praaeat lnreatdl«atloa» this fre^ueaey i s 
aaaertaiaed at 1150 eai la the lafrared apeotzua of 
oyaoqulaol* Magaltudea of C»Oll s tre t^ lag frequeaeles 
in aoae other eubatltutei beaseae are glvea la 7able ^•'S. 
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lfoI«ettl9 axoimd Statt Fr»qu«no7 
m 
p«JfXuovo1»«asonltrlX« (28) 1X60 
BMf«tHyIb«asoiiltrU« (29) II50 
1><-9f«thylb«nsonitsll» (29) X1S5 
Th« Infsarad hmxA for C-CH out of-pXano bonding 
rlbratlon has boon id«itif iod at 4 ^ om in tho px«8«nt 
work* Slnba ot aX*(29) baro roportod th i s fsoquonoy at 
440 08 fbr oaoh of Bota -^and paraHBothyXbonsonltrlXoo* 
fho position of tho 0«>U strotebiag Tibcation in 
nitriXoa has boon osctonoiTOXy stndiod md oXoazS^ y dofined 
by Kitoon and Fig|[itoh (X6)» idio taaro oxaained tho opootxa 
of aoao soTonty difforont aitriXoo in an attonpt to roXato 
th« obsexYod fxwquonoy ahifta vith »oXoonXar straotnro* 
tho intonaity of tho nltilXo absorption band hao boon stttdiod 
by tlioso vorlEoro (X6). fhoy find a oark Tariatlon in 
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Intensity in Vftxloua typ* of a i tr i l««i so tliat tho band 
•mxios ttom Tsigr stmng t o undotootsbls iatsnsitjr* Osess 
sAd fioffls (50) hsTs zoportsd tUls bsad at 2250 mT^ la 
boasoaitzlls fbr Coif stsstohlnc aodo* For ooa^ouads la 
yAkieh QmB gwovLp i s dlrootly atta^od to ths xia«» a 
band of food iatoas i t j lias booa oha^trrtd if25) la tho 
rocioa 2?40*2221 oa'*^ sad )ias booa attslbutod to Omn 
strotobiafi* Xa ^ s pxosoat iavsstigatloa ths iafzaxod 
band at 2240 owT^ i s as8l«asd to 0»ll atsotohia^ oodo of 
•Ibratloa, This asaicaasat i s la food a«z»ssoat with 
tboso of dioraobsnssass (17) aad orthO"HudnobsaBoaltrils(I8) 
Ma^altadss of Qmn strstobiac vlbiatien la soas sabstitutsd 
boaasass aso glrta la TabXo 3* 4* 
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Th« fftx>lafs«r«d bwad for C«ll out of-pHan* b«adin« 
• l l m t i o n haa b««a id«atifi«4 At 178 m In th« pfwnX 
ifoxic* UiMidhjraiy vt al .(18} bar* z«port«d thia frvquaaey 
ftt 168 oa*^ for or^o*ftaiiiob«isonltxllt« 7h« aasi«n9«at 
i s lA i004 a^MaMaat with tha aaaigasaat of dlajraobaaaaaa(17), 
?ha C-^ H foras^trlo atratehlag fraqtiaaoy haa baaa 
ra^rtad by Cahxmaaeh at a l . (7) la ortho-dlbydsosybaasaaa, 
ttata-dlbydxoay-bansaaa pasao^lhjdsoaybansaaaa at 768, 743, 
and 829 ea*^ xaapaetlT^y* la ^ a fraaant iBraatl«atioa 
^ l a fxaquaaoj baa baaa aaalfaad at 780 with a r%rj atxoag 
lataaalty, fsaquaaoiaa of aaar about tha aa«a aagaltuda 
obaarrad la aoaa aabstltutad b«isaaa haTlag D«4! as oaa 
of tha aubstituaata ara ooUaotad la tha folloviag tabla. 
Osouad Utata Ixoltad 3tata 
Molaotila fsaqaaaay ?xa<|ttaaey 
Phaaol (30) 810 785 
o-I)lhyd»i:ybaa«ana (7) 768 742 
a-Dlhydzoxybansaaa (7) 743 7?? 
p»Dlnydzoxybana«&a (7) 829 320 
o*Chloxophanol (91) 622 805 
o«Fltaezophaael (52) S4S 826 
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fh« latrftr«d frcqa^aoy o)>8ew«d at 2S0 en i s 
attvl^t*d to CN-OH out«^f-9latt« blading vibration in 
tho prosont invoatiaation* fhia aaaiirnaant ia in flood 
ansaaaant with thosa of Tavari (32) and Aaaasi (T3)« 
3taaavi^ (54) has atudiad tha fax^infzazad a^aatra 
of earbosylio aoid with Tiavto aaaiga tha hjrdsogan bond 
fraquaneiaa* In banaoio aoid hydnian bond fimdaBantfa)» 
V^  and Y. hara baan aaaignad at 107 and 70 en raapao-
tivaXy* ^ t oaleulatad r§lv» of tha fraqnanoy oorraa* 
9Qttdiaf to 107 mT^ ia X24 OB*'^(54)« In tha praaant 
iaToatigation tha hydseof^i bond fuadaaantftlo hara baan 
aaifi«nad at 65 and 125 oa • 
Zn tha fa3>»iafsax«d and Baaan spaotca of soaa 
•ata-anbatitvitad bansyl eoBpotmdat Vazdonok at al*(35) 
haYa aaai«nad tha (KO tomioaal fraquanoiaa in tha ration 
100*125 OM '*'• In analogy to thaaa aaalflnaianta tba band 
• i 
at 96 OB '^  Bay ba aaalgnad to C»0 toraion Tibzation in 
the aaid ooapourUl* 
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Jako\}8«a •t aX»(56) hftv« a« l^Md th« OH tonlonflkl 
fr«qu«aoy la th« T9gLon 280-512 on In rarioas phanoXa. 
In th« pz«a«at l2iT«8tii«%lon «!• OH toirvloa Tltontloii haa 
b««ti Msi«ii9d at 310 oo**^  in tha laf sarad apaotzm of tha 
said omapcraiid* 
>ai oth«r f raquaaolas obaar^td in lafrarad azid 
faivlnfxartd spaetra ara aasl^aad ao aoablttatioa orartoaa 
and diffaxanoa of tha tao fundaiMatal fxaqiaanolas. 
Vibrational apaetxa of paxa^iaubatitntad nitzo-
banaanaa taava baaa studiad by Cxoas at al*(T7)« fhay 
hava tha oha£aotarlatio nit so ayaatttxio and aaymatcio 
vibzations and triad to ooraraLata thaaa Tibratioaa with 
tha atroetuxal paraaiatara whioh ajea aanaitiva to tha 
alaetxonie affaot of tha para-aubatitaanta on tha 
nitzobanaana naolaua* lafxazad apaotza of ortho-aubatittttad 
nitrobansanas hara b^^n atudiad by ifranal at al«(38) in tha 
solid phaaa using polazlaad infzasad radiation* Tha 
BOlaoular atzactiira of thaaa aoapounda hava baac interpratad 
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on th« basi» of various Tlbratlonal frequeacloa asslgfusent > 
and 1^9 behaTlotir of those oands towardR T>oIarls9d Infxai^sd 
radiation. Infrarod spoctra of nitxooii loroaail ines have 
been atiidiod by Terma tt aX«(59) and thoy haTO aaoignod tho 
•ariouo fundaeoatal r i brat ions to dlfforont poaaible laodos 
of •Ibratlons* Itaaor Bmmn and iafrarod ar>oetra of 
I-fluerOf 2«>4» dinltxo^easono havo boon r«|K>rted by Vaxma 
• t al«(4Qf4X)* £hey havo assisnod tho aysHsotrieg of 
various EMdea of vibi^tiona on tho basis of tho Talxioa 
of the depolarisation ra t ios . Depolarieation rat ios have 
baon oalculatod with tne help of the i n t e n s i t i e s of 
• ibrat ional bands obaervad in polarised and depolarised 
Haman spectra of l - f luoro-» 2,4-Klinitrobenzene, neoently 
vibrational analysis of 3»5-dibxoaso and ?,4-diohloronitro-
bimaene have been reported by Upadhyay et a l . ( 4 2 ) . The 
infraj'ed speotm of 2,5-4ibroiso and 5,4-dichloroben«0ne3 
—1 h-?5ve been aaalyged in the region 200-4000 os • Ihe 
bands obtained &i-e diseuaoed a^Quraiag the molecule under 
Cs gsfmaetry groups. The group sens i t ive fundamentals ^re 
oofflpared with those of eirailar i3olecui.es already report04 
in the l i t e r a t u r e . C^ icaen et a l . ( 4 5 ) have studied the 
vibrational spectra of substituted nitxobeneenes in the 
f:ir-lnf raided region. ?hey have not given any a3al£!:n«5ent 
fbr •lOj torsional vibarsition. The ?lf02 torsional frequency 
has been ai^aigned by Varsanyi (44) . Karlier i t was not 
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poarilblft to asaign thu low lylqg vibrat ion duo to the 
lack of experlaieatal f a c i l i t i e s in th« far^-infrarod 
region. In t h i s region soeie difference frequonoies are 
also el»ierred iri!iidi &:ce vex^ arach deeixsible to oozifina 
t^e aeai^nments oade la l^e eleotxonio apeotra of the 
polyatonio moleouLles* Most of the weak band ot^erred 
in the eleotrooie apeetxa of polyatoad.o Qoleo\2le9 ere 
interpreted with the help of difference frequenoiea. 
We hare reeord9d the infrared and far»infrared spectra 
of nitroqninol and studied the various ground s t a te 
fundeusental9« The vi.bratlonal spectra of the laolectil?* 
will f o n a baeia to understand and analyse the excited 
s ta te Tibrations of the raolec\LLe« The far*-infrar©d 
sn^tctra of the Boleoule has been r^copied to stu:!y the 
low lyin« • ib ra t ions . We have also Interpreted the 
ifOg torsional frequency in our coBtnotmd in the faxs-
infz^rod region* 
rhe chemical U3ed in the present investigation w .^g 
supplied by the *•;•»:'• Co., '-"^Isoid and wa^ atated to be 
of very high puri ty . The saaiple waa solid at rooffl at 
temperature and ws - us^ei without further purif icat ion. 
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The lnfra.z«d spcictmis) of nltroqulnol was reoorde-l 
la «3r pl«tt l a th« n^lon 250-4000 oo , On a Perkir 
Hla«r double boast Infiiarod ftrMotzophotoisetor (Hodol 521) 
oador hiish roaolutloa* 3oan time vaa 52 mlautes. The 
aoouraoy of aea8uroaioz3.t la oatlaatod to be v l th ln * 2 oa" 
la the opootraX xogion. The spoetzo^liotoiseter vas 
oaXlbcatod with the help of the apeotrum of polysterene. 
Beaalti 
Fourty f ive baadsi have boea ob^terved l a the rofloa 
250-4000 om , 'lost of tShe bands are sharp and well 
deflaed i^ere as aoae other bands are bzoad and Ic::! Intense. 
In teas l t l ee of the fa^winfrared baads hare been viisually 
estla«»ted l a the scale of 0 to 10, All tbe bands have been 
asel^aed la terms of various funiaiaentalg and eo«blnation 
•rLbratlen. the asslgnmeat of the Infrared frequencies 
with the i r laten^iltles have been given la Table 3«t), 7he 
Infrared snectnim of nltroqulaol i s reproduced in rlg.^>,5, 
^a,l^ l^4^y^g^A ^Pfff^ ilff^  9^J^<f??qyl->^9^ i^^ Pfriaeif>1;§j,, Pr^^^yluyg 
^^ar^lnfrared gpectruia of nltxoqulnol wag reoorded 
on a ^olytedi i'Iii-30 far-lafrared, iafrared apectrophoto-
aseter in polyethlesi© rsatrix in the region 50-400 ca . 
(*/.)3DNViiIH$NVUl 
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TahXm 3«6i tntmr94 f)r«qiit«iiei«« of iiltfoqaifMi]. md 
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AMiiomta 
a** C-Qfl deforaatioii o«p* 
ft« vliif aafoaraaUon o«9« 
08 tovfion 
»• C-Q Icfor at'on «•% 
a* 10} roeklqi 
•" C»0 dafor^Mtioii a^p* 
a* C«<3 atfomatlon t»p» 
a* €«<: dafonation i«9» 
a« c ^ tefofvstleii o«9» 
a* C«B bandllnf o*9« 
a* CHai stvatebiag 
a** 0«H bandifv o«9« 
a* C«ff btndiiif a«p» 
110} Saltflovlfit 
a* rlns iMP^atblng 
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ft* O-S li«r«aiili i«9* 
a* Oiill iHiiKiins 1^« 
A* 360 4* SM) 
A« V70 • 7ft5 
A* V70 • 790 
a* 0 ^ strttelitfig 
«• 0*11 ftr«te)ilfic 
«* IfOj «r(3<9«tn6 str«t«lilfif 
A» »^0 • 9 ^ 
m* 0 ^ stretehlng 
a* 0«C ttvattthixic 
a« VOj afy!«^i«tri« vtretefiiqi 
A* 690 • ^ 0 
A« 260 • 1300 
a 9 0 ^ aty^toltlsig 
a* 0«€ stratablfig 
A» 2 % 1170 
a* (Ml 9tr«t^ii ig 
A* JIO • 3090 
Istat* Tlsaal aatlsates of ths iRtiMMlti«a %m9 boan tftlwn 
OB tli9 ae^a 0 to 10. 
l,p« » ii^i^lanat o*9« « QiAm^^laxm^ va • T«nr «troat« 
a m strotigf V « waakft ^ • vaak atfoqg« t^i « «beaS4ar9 
b « b v o ^ lia m iii^sal stroiv* 
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Thirteen far-lnfrartd bands hav« been recorded In 
the rt^tlon* Few of tl^e bands are sharp seiA v e i l defined 
i^ereas most of the bands are broad and l e s s intense . 
Intens i t l ee of the f<ir»lafcared bands have been v i sua l ly 
e8ti£csated in the scale 0 to 10. In tens i t i e s of the bands 
in terms of various jhandamentals smd differenoe of the 
tvo fundaaental v ibni t ions . The ae^ignnents of the 
farwinfrared with thfiir i n t e n s i t i e s huv© been given in 
Table ' • ? • ?h0 far-infrared spectrucs of the nitroqulnol 
i s reproducai in Fig, 3»4, 
The ooiapouad nitroquinol oomes under the cstte^^ozy 
of tr i subst i tuted bensene. Here eaoh of the three 
hydrogen atoms of the b^snaene ring are replaced by 0 ' , 
OH and fO, groups. Ef 'JOg and OH groups are considered 
as big atoa^s -^e taoleeules may be assumed under Ca point 
group. The th ir ty normal nodes of benaene under Os point 
group are d a a e l f i e d as follow£«t 
21 plimar (a ' ) and non«plaaar (a" ) speoles . Th^ 
v ibrat lo i a* are t o t a l l y syoetric and g ives r i s e to 
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k* W70 • 5*^ 20 
A« 1130 - 1072 
lf]fapsi«n bond 
ISQ2 toraten 
A» 560 - H.70 
f^dPo^cn ^}iid 
<%C tofston 
A» 950 - 820 
A» 1»»90 - I3M) 
4« tf20 • 260 
A« 1300 - 1130 
A* if70 - 270 
A« »^ 70 • 260 
A» 1590 - iiho 
Bet«t« ?i«ial •ttl'fatM of tb« intomlttM H«v« b««R 
tak«R OB tlM soalo 0 f« 10« 
s ~ 3t3^ i^^ g9 If • voik, sti » ahouildor 
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aatiayraB«trio and $irB 1IS0 to d«polarls«d Kasmn l i ae s . 
Th« analjais of th« bands and th« asdl«nBi«nt of l^o 
ftmdaaantaX fr«qu«aol«s hav^ o baan pijopoaad on %ha basis 
of tha oonparloloa with thosa of aiai lar Bolaeolas. 
In tha arooatlc oostT o^unds, C-H atratohiag appaar 
In tha z^aglon }JOOO-?100 m"^, Thare ara six C-H atratohln^ 
fraquandaa in baaaans with tha following njodaa of Tibration 
aj^g(5062>, b^^(3o6G}, B^^A'^^I) aad a^^(3030). tha 
last tvo sodas ara doubly daganazata* thasa nodas wil l 
giva xiaa to threa C-41 8tirat<^ins fvequaneias in trisubati-
tutad baneana the raoaining fraquancias v i l l dapand upon 
tha mass and natara of tha aubatituants* In ^ a praaant 
inraatigation i t was not poaaibla to sasol-va tha a l l thvaa 
C-J? stiratohing fraquaneiaa, FOX and >!artln (19f20,21) hava 
studied tha iJ-1 atratohini fraquenolaa in many axoamtio 
eompoanda. It ia ooncludad tha fraquanoy obserrad at 
3090 oa i s dua to O'-'H stratehing Tibration for tha 
nitxoquinol BOlaoula* 
There ara two types C-r{ bending raodaa in aubatitutad 
bansanae* One ia out of«-plana bwidin^; node lying in the 
region 1000-1500 oa"^, i'ha six C-Ji tn-plana banding 
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Vibrations ar« (••rlrwl froBj a^  (1540), b^(1152)t ©jg^ ^^ *^ ®^  
mnd ©,(1037) oodea oif b9n8«n«. la th« prea«r\t lav«stlga-
tton th9r« will b« t;h;?e« C-n in«»plano blading vibrations 
b0e&U3« oth«r three -vj.bratlons wil l depend upon the nature 
of the three aubstitmmts OU, OH and "^ O^ * Infrared bands 
observed at 1072t 1150 and 1170 00*^.in the nltroquinol 
!30leoule have been taSten to C-n in-plane bending vibrations, 
?he out-of-planu bending vibrations in bcaasene arise 
fros b2g(995), e^Ol^i), ®xg(349) and a2^(673). In 
trisubstituted bflmeenos three c*H out«>of->plane bending 
frequeaoiee aire obaer^ '^ed Sizid the vibratioae oorreepond to 
the bending modes of the sttbatituenta. There are tvo 
adjacent hydrogen atom on the rlni; of nitxoquim>l* It has 
reported by :)ellaisy it'5) that vhen the nunber of adjacmt 
hydrogen aton on the ilng deoreaaee, the out-of-nlaae 
C-?t b«ttding vibrations ahoir a further shift towards higher 
magnitude, in gene^^l. Bellaoty (25) and Szman.^ y^ have 
suggested the nariow frequency range for the appearance 
of G-^i out«-of-plane dcfonmtlon vibration in the oase 
three and two adjacent atoaa. In l i«^t of theae and al-^ o 
the vibration of Handle and wiffen (r?) , the infrared 
bands at 765» ''20 csni 340 GO. are aasi^ned to CW! out-of-
nlan© bending vlbraticna for the said tsoleoule. 
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The ring defozsiatlon fr»<}u«nol»8 In substituted 
beasene are dterived frse e^ -^CSOS), ^JA^^O?) aad •3^(405) 
nodes of bensene* The last two nodet give xise to &-C 
out<*of*tiLane deforoetldn vlbsetloAs. While aode 62^(^06) 
Klve rise to OMi io-plftne defojaaatioii vlbxatioaa. 
The BOde e .^C^Ofi) lihloh i s doubly d0S9iM7:B.t9t 
aiO^its up into two ocMS'^ oiients. In the present investi^a* 
tloas iafx«red frequeneiea At 560 and 575 on ere 
oonsidered the two spl i t ooapoaeats of 0*0 iiwplaae 
defoxoetioa node o^^C^^ )^* ^ ^•^^ strong bend observed 
in the infrared epeotxtUB at 609 CM i s attributed to 
0«C out ef-plsne defbzaation vibration and oorrespond to 
bg (703) mode of beaaene* 
The (k>ubly d^^generate node e2»(405) of beneene 
represents the out of-plane dn^ defonaatlon vibration. 
Under reduoed eynsDetry th is saode spl i t s up into two 
ooapoaents* In the pzessnt infrared speotroa of the 9aid 
ooapound frequenoies at 290 and 420 oca*^  are eo side red 
the lower and upper ocisponent of ©2^^405) oode. 
•?? [ he four 0*C stxetehing a de of bensene* namely 
e2g(15%), ©3^^(1484), bg^d^lO) and ^(99?) are erpeoted 
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to ilT« n9« six C-e stret<dilag vlbratlona in substituted 
b«ne«n«. Hod* b^^d^lO) Mid ttj^('?92) ar© non-d«g«ner»%t« 
vhllo B0d«8 tj, (1598) and «3^ j^(1435) ara doubly daganarata, 
Jndar Oa sTWDatzy, tha doubly daganaxata aodaa aplit u? 
lAto tvo coaT>onants. Infxarad fraquanclaa obaaxvad at 
1440, 1490, 1570 and 1590 eo with atTOng IntaaaitieB 
hava baan aaaigoad as C-»C atrat^lng freqiiaaoiaa, which 
eorraapond to tha doubly daganarata aodaa a^^{1435} and 
a2-(1596) of bansaua* 
Tha G-C atratehlng fraquaney eorraaponding to a^^ (992) 
aoda of bansana i s aasignad at 950 ea in tha Infxarad 
apaetxua of nitzoquinol. Ita valua la tha oaisa of eynoqulnol 
la 940 OB which haa baan daacrlbad in part A of this 
Chapter* This Tlbsation la also lcm»wn aa ring braathinii; 
Tlbration. 
C-MOjYlbrat ionai 
XavaiAably In a l l nltrosubatltutad bansanas (40,42) 
two bands are objorvad near about 1530 and 1340 ca are 
strong in intansity* Theaa arl^a due to HOp asyEaiietxie 
and aysoiatrlo aodea respactlvaly and providae an azeallant 
proof for tha recognition of iOg group in the eoapound. 
In l*fluoro 3>4 dlnitrobensane, tha frequencies obaerved 
at 1550 and 1350 eo can be taken to repreaetit the 7v p 
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asymotrlo and vftmmtviA strvti^lnfi M>d«a of TibzatloaB 
r«apttotiT«ly* Thasa a]!« eorraXated idth Haaaii fraqaaneiaa 
X546 and 1595 oo • Hiwaa fraquanoy 1546 oia"" i j polariaad* 
Tliair dapolarlsatlon rfiHos ara 0*f4 axtd 0*55 x-aapaotlvaly* 
Xa tha praaant liiTasti^tation tha lafvarad fraquaaolat 
o\ta9vrBd at 1570 and 1530 osT'' hava baan aaalgnad to .^ 02 
ayiaiaatrle and riO^  aayaoatrlo atsatehia^ Tlbratlon raapao* 
tlTaly* Thasa aaaignae&ta ara in agcaaaant with follovla^g 
assi^snnanta aada for dlffaraat aolaovaaa la tha Tabla ?•&• 
10^ Symiatrle ?^ 02 Asysaatrle 
MalaoiilA atj^atohla^ stratdila« 
* «A«<nu.v f raquaaalaa fratiaaaolaa 
2-Chlora-4-'at»-
anlllna (39) 1567 1550 
4-Chloro-2-!fitro« 
aalUaa (59) 1550 1550 
l«>Fltioxo 2t4 dlao* 
trobanaana (41) 1550 1550 
2,5-dlbroi8onltro-
banaana (42) 1560 155vJ 
5* 4-dlo^oroaltco-> 
bvaaaaa (42) 1370 1550 
100 
fhe firsqusaoy observed at 4?5 oa*^ In ^ « liifzar«d 
ai>«etrua of nltzoqulaol i s ld«iitifl«<l as fO^  roefcing 
fs«qu«n«3r« la tha easa of I-fluozo :;?i4 dinitsobonsana (33) 
m2 xooklftfi fxa<|uanoy has baan aaainnad at 445 coT • ?ha 
firaquaney obserrad 365 on'"^  la idantifiad as ffOg soiaaoring 
•Ibration In tha iafsMrad apootros of aitxoqulRol. In tha 
eaaa of 3»4 diohXozonitTObanaaaa (42) 1^ 02 soiaaorlag 
•Ibzailon has ^^wn aaalgaad at 870 oa • 
Tha C«>OH ajmaatrio atratchlng fraquaaoy has baan 
raportad by ^ohlvattaoh at a l , (7} In ortho«>dlhydxozy 
batiaana, aata-dlhydzoxyXbanaana at 763, 746 and 82*) cm" 
x«apaotlTaIy« Xn tha prasant Istraatl^atlon tha lafrarad 
band obaexred at 790 oa with atsong latanaitj i s 
aaalun^ to C*OH atratohlnn vibration* 
fha liifx^rad fraqmanoy obsaxrad at 26u miT la 
attrlbifttad to (M}H out of«»i>Iana banding •Ibration in tha 
praa«cit liiraat%atloa* Thla asslgnistnt la in good a«raa«> 
Bant with thoaa of Tavarl (33) and Anaarl (33)* 
m^ ?oralon Fraquaneyt 
araan at al»(43) hava atodiad tha vibrational 
spaotra of aubatltutad nltrobanaana in tha raglon 50-^000 om"^  
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fh«jr haT« not §ir%n any A89i«nB«nt for .^ 02 torslanftl 
iribratloa* f!i« HO^  torsional froquonoy has bosa 9tiggtata4 
at 139 qa'"^(45) or 70 oa"'^(44), Tho lat tor valtte la laora 
l lkoly but has no ajc^arlnantal basl«« In tho praaantad 
InTaatifatlon, It la ooaolndad tbat tha fraqtianey obaarrad 
at 74 OB la dua to i?02 toralsaal fraqitaney. 
ataaavloh (34) haa atttdltd tha fa3>»lnfrarad apaotra 
of oaz^xylle aeld vlth Tlav to aa^ fltga tha hydrogan bead 
fraqaanel^a* In bansole aeld hydasofan bond fuadaiBantala 
Vs hara baan assigned at 107 o» raapactlTaly. Tha 
ealetxlatad value of tha fraqoaiiey oorraapoadlng to 
107 oa la 124 en (24)* In i:ha preaant iBreatlgatloa 
tha hydrosaa hond fuadaffiaatala haTa bean aaalgned at 65 
and 118 ea*" .^ 
In the far^lafrared md litamxi apeotra of soBia aata-
aubatltutad benzyl oompounda ?<$rdOBOk at al*(34) hare 
aaal^ined the C-C toraloaal frec.ueaolea la tha regloa 
100«»125 on • In analogy to tfceae aaalgnaent the band 
at 125 oa oay be asalgned to C-C torsion rlbratlon In 
the aald ooapoui^* 
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Jakobs«n ct al«(36} havo Rstign»d th« OH tonloaal 
fr»qu9»e7 la tht se^ioa 230-73.2 oai la TarioiiB ph^aols* 
In th« e«ii« of altroqulaol thit OH torisloaal •ibsntloa haa 
bMt. » . l « n . d .« 500 o - ^ 
All oth<ir f r«qii«iei*s ohaBtmA la laf rased aad 
fai^-lnfrarttd sptetra ara asaliinad as ooBbiaatloa OTartona 
and a l l other frequflnaiaa obsorvad in infrared aad €&!>-
infrared spectra are aaaiaged aa ooaMaation overtone and 
differenee of the tvo ftindaoeEtal freqiienoiea* 
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i&Mli - M 
Xnfrajrad h^mtmm oi Z8dBorie-Xod^>an41ino8 
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wid« to •tii4l3r tb« TftXiMs typ* ot spcvln of mil ia* 
ftni Its A^riTati-rts* flm ^bmti^sal spvetsem of 
oailiao liftTo %ooa otttilod la dotail toy Broao (!)• ivoao 
ho8 Aioottoood ^ o ojraniotiar of tho MIUIIIO aeloottlo on 
tlio ¥*oio of tho vltosittleao otooovfod la teaoii onA 
lafxupoA «poetsa« It IIM toooa sopovlod toy Bvwia that 
tho ioraatotxar of tlio viiXlM Mloooio mqr too takoa aa 
0» point ciotip* Vitovatioml apootxa of laivo amtoar of 
aoao^lHUiA totsa-HKitoatittttod ottUlAoa toavo Aao toaoa 
atudlod toy Tadoiaa aoxlaisa (2-8)« Baaaa apootsa of 
oxtliOy and a»ta aathylaaiXlaa toaTO tooaa zoporlod toy 
Sosa ottd Sohlxattaeh (9)« aiavair (10) xooozdad tho 
atoaosptioa apootxa of laoMrio aathylaalXino la Tapoav* 
liquid aad aolid i^aoa aad atndlod Ilia ^aafaa la tho 
atoaoxptioa apaetsa vlth ohaaga la tho phaaa of aatoataaooa* 
yoxaa at al«(Il) hara tHao atndlad tha TltosatioaaX 
apoetca of o«aothyl» aHBothyl* a*-aothyl aad dl«athyl«> 
aalllao* Thay zaaosdod tho lafzasod atoaoxptloa apootsa 
of thoao aolooaioa* Tha aaaXyala of tho toaada aad ^ o 
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ft»8i«BK«at of %%• tvayiwmmUX fiF*9«M»oi«« to diffoxwit 
MOd* of vlbmtloa lisvo Won ^mt9—9^ ooaolAoslas 
o«>ii«^iXl«alIifio Mi4 fr-ao^sf'ioailiao boloiiiiag to Co 
90lJit «so«p and dlao%li:rI«alli»i %oXoa«isi« to C^ ?oli&t 
gcou? «ftd iloo om tho tauiio of ooa9ft>l«ioft vitSt tho 
Moi«iiMttto of aodoo lA oiailAir soloooloo* Siiillftr 
otudioo on t ^ looMxlo oothyXonlliBoo hovo bo«& Kodo 
hW Panalk ot o l . d a ) . PaiwAilc ot o l .da ) otadlod 
tlio ooXvwit of foots oa tho ittfssxod wnd Haaoii opootso 
of •ottiylojtiXinoo> Shor obooxvod tho ohaafo ta 
Mocaitttdoo of H«-B otsotcftilac tad i«€ la-i^aao dofo»» 
amtloa fsoqaoaoioo la &•# »««oth7loalLlaoot 
p*oalaeaootoi^oaoao la ooXutloa of 9fxidlao» dioxoao 
md oashoatotsaehloxido* Tho vAtSKVloXot ahoos^tloa 
•900tzft of loOMosio Bothylfliillaoo aad othojr oalXlao 
doxivativoo hoTo hooa otadiod hj fiMiiaftoa (13) la i^9 
Xlqald phaoo* k^o aXtxarioIot ahoosptioa opootsa of 
tho oaao ooapoaado hanro oloo hoon sooexdod la tho 
ooXtttloa of loo«ootoao aad «mto:r hjr flotiilor mad 
Solooa {X4U Fvojaoaa ot al*Cl5fl6} otadiod tho 
iafxasod opootsa la tho xogioa 0*d-l*2 |i* l^ io 
•ihratloaal o9*atsa of looaosio flaoaoaaillaoo hmro 
hooa sopoxtod hjr Shaohidhar ot al«(X7)* Laoov Boaoa 
•ad iafsaxod opoetca of a*fXaosoialXiao haTo hooa 
voooxdod h7 7ona {IB). VihzatloaaX fsoqaoaoloo 
no 
assigfMd to Tftxiovs pa»lmttl« moA99 of vi^mtloa 
Moaaiac Co osraaotxar H^T tho aolooalo* Sopolaxlsatiea 
satioo of Baaaa Xiao IMITO ^ooa ooXomatod toy tKo 
latoaoltloo of Xiao at yor^oadloaXar aaA paxaXXoX 
poXaslaatloao* Vl«h taio lioXp of tlio iopoXasloatloa 
zatloo» ho vao aU.o to ooaflza tbo oxaot iqraaotiqr of 
aoxmaX aodo of vlbxatloa* TlbsatloaaX aoolgnamit of 
2t 5» 2»5» 2t6 aad 5ff5--dleliXozoaalXlaoo hoTo ^oa HHMIO 
by 9ooX ot aX«(9)* OooX ot aX* (X9) xooordod tho 
fioaan o!>oet»ui of 2»5<^l<liXoioaalXlao oa a luoslaa 
£*3«f-SX thsoo psloa gXaoi opootsogxaph. Aaalfaaoato 
of TlbzatloaaX fsoquoaeloo t&x aXX tho thtvt^ alz 
•IhxatlooaX flMdoo la oaoh of 2f3 2t5 2t6 and 5f4«41-
ohXoxoinlXlao IIOTO booa aado oa tho baalo of tho 
pxorioao aaalgaaoato of vlhratloaaX fxoqaoaeloo avaHahXo 
la ^ 0 Xltozatttso {7fd}« £ovloo4 aoalgaaoat la tho 
oaoo of 2» 3*»41ohXosoaalXlao haa ho«i aado oa ^ o baols 
of tho Baaaa froqanieloo ohoortod t»t tho oaao aoXoeoXo 
taklan lata aeooaat tho irlteratloaaX fxo<|ttaaoloa of tho 
ahOTO aoatloaod aelooaXoo la lafmiod ao voXX aa la 
fiaaaa opootzaa« &oo«atXjr tho rlhiratloaaX oad ^ootxaale 
aboosptloa opoota of 2t4-dlfXaoseaalXlao horo booa 
otadlod hy iv«d« 31ai^, H«?, aiagh mA D*S« Bal (19)• 
Oxoon ot aX.(20) haTo thosoa^hXy otadlod tho vlbxatloaaX 
Ill 
v««oiA«d %hi§ lafzftaMd «ad liMWi iqp««tsii of 4i9iib««l-
tttt«4 li«Icii«imt«4 b«B«a«8 la tfe« jEVffioii 50«56^ «a*^ 
aad pcMi«ftt«4 th9 eo»9l«tt iatvspxstfttioas of tht 
d%t«cT«4 sp^etza* It ft9p9ftx» «uit ttd d«««il«d 
vlteSMlloiMl «ttidl«d )uiT# h9mk MAA* oa laoMrlo 
iodeaailiiM** ¥hcvtfox«» a apa^ial ttudy of iaoaasle 
iedeaaiXlaita naa aadaslak^ %• olitala d«talJL«d lafosaa^ 
tloB aboat tlia faadaaaataX md oaiibiaatlaB vlbimtioaa 
la tha gaoaad «%at«« fliaaa caoaad atata vlbxatioiia 
wllX iKi tiaXpful to atalftt tlia axaltad atata Tlbsatloaa 
of tha aoIaooXaa* far taaaXyalag ^ a lafsarad ai^atza 
aad pactlaaXasly fas aaalgalag tha faadaaantaXa to 
dlffaxaat »odaa of vllixatloa» aaalataaaa haa baaa 
takaa fcoa itia vlbvatloaal aaal«&aa&ta of aaHlaa and 
othas xalatad aalaaolaa* 
BffrniiMVI'i iiiMriiuM 
Tha aaafilaa aaad la tba psaaaat Inraatlgatloa 
mmm aappllad hj Iteah Iilght aad Co* Bafilaad» and atatad 
to Oa of vty hlnh 9ttxlty« Tha aaapXaa CMmd 
p-lodoaalXlaa axa la aoXld faxa idilla a»lodoaalllao Is 
1 1 2 
la liqttlA fi»m* fk^ iiif3EiMM4 tiMatXA of »-«ad 
^•lodoailia* v««« )r««i»ii«d hf aaJoX max t»«iiiil^« 
uliilt tb* •p««%»ui of 0*io4o«aiXliit «m« ro<K»xr4«d 1A 
Or ii>l«%t« i l l ^«M •^•otm vox* xooos4od In tlio 
s^lon 200^000 mT^ oa a Poskla SLaov (Mio4ol 621)« 
domtilo Woa lafxazod «|iootxoi»hO'IOiMtov« OmMv liquid 
eoU of thlcieaoos 0*025 a vao aood to rooosd tho 
•pootxa la liquid pliaso. Soaatavo vao 52 ala« 
Aoeacaoy of ttio froqutnoir aoaaax^ii«it la 4^  1/2 oe • 
fh9 total aaa^s of baado obaosvod In tho 
lafxaxod opootxa of 0«t »*4nd p^lodoaalllao aro fortjr 
thso«9 forty and thlipty Ibar soapoetlToljr* ^oot of 
tho a^nfta a«o iriiajey aad voll doflaod i^oxoaa wm» 
othor haado airo hsoad aad loaa latoaao* latoaoltloa 
of tho lafxaxod hand a havo ^oon aaal«aod la toxaa of 
•avlotto faadaaoatolo and ooahlaatloa vlbxatloas* 
tho ao«ldaaioist« of lafxaxod fxaqaimeloa of O-y .^* and 
T>*lodoaalllao9 vlth tholx latc&oltlta haro boon gltoa 
In tahloo 4*1» 4*2 and 4*5 xoapootlroly* lafxaxod 
•poetxa of 0-« a* and >»lodoanlllao axo xo^xoduood In 
^1K3» 4«1» 4*2 ee&d 4*3 xta?oetlTOl]r* 


























































a* a-iia, i)ondir^  i.p. 
a** a«J ring ddfajsoation 9«p, 
a*' Q'^ ri&g di«£dxaaU9n a*p, 
a* Qmt stroteMog 
a* C-c jdfig def jn^tids o»p« 
Sl^ wagging 
a* C«a ring d«fasBatlaB i«]^ « 
a** 0-43 riog 4efaznati9a o*p» 
a** C»U banding o^p, 
««• o«li baniiiijg o*$«» 
a*' a«-a b«adii^ o«9* 
a** C<»H '^odiog 0,p, 
a* sing ufaatMag 
a* a«H I3«n4iag U9. 
a* 0«a bendiBg i,p« 
a» U^i b«adiQg l.p» 
a» 0-4i l>®i3ciiiig l«p« 













































2 l^ b 
5 • 
1 Mi 
tt* aw« @t£dtolling 
A»» 525 • 850 
a* C-C ring stvetehiog 
A* 410 • 1055 
«• a«C ring gtMtohine 
iL» 545 • 114© 
A»« 380 • 1140 
A** 580 • 1140 
a« a<4) ring etrvtehiog 
A» 410 • 114© 
a* 0-a ring etz«tohiog 
*« B-B tmn^Xi^ i»p* 
§1L seiftSdxlog 
A» 525 • 1150 
A«» 390 • 1500 
A* 410 • 1500 
A« 525 • 125© 
A» 640 • 1150 
ft* ^<*a etr»tehitig 
4** 950 • 1455 
• * ^•S 0tr«tdhing 
• * * I« i i strotehing 
Hot«i<» Visual oetini^t^i of tiMi iQt«ni»iti«i baT« be«a 
t& «^fi 9Q th« ae^lt 0 td 10. 
i , ^ , tt iA»piAQ«» o.p* « aiiUo£*i>ias«9 































































a** O-liBL b«»ding o«p« 
«** a<«C riiig <l9fa3Saa.tioa o«p« 
A* 0« i i^ Wading ^ . p . 
m* a-X etreteMoe 
»* a«c rliig defojsatloa 1«|»» 
«** ;;«C xdog 49fafmati9a o.p» 
a* U«^  rir^ dftfoBBatioii i»p* 
«* 0-a bendl^ 9«p« 
»• C-H B«n41i:se o .p . 
a* w»ii bendiiig o»p* 
a* ri&g bzwathing 
11^ $«ieti.'iS9ir l^«E b«iidliig i*p . 
a ' C-.H banding i«p« 
A«» 270 • 990 
a* Q'S bdOdisig i«p« 
A» 445 • a50 
a* a«^ J 6treteM.sg 
A« 600 • 7. a 








































*• 540 • 1165 
*• J-c ring ctretching 
»* C-«3 ring stretching 
ft* G«0 r i € strctehing 
a* li«a bcodiog i«p» 
IIBA Soidaorisg 
A« 540 • 1165 
A»* 600 • 1520 
• • &^ e irttoMog 
•* a«li 0tr«tehiB£ 
m* n^ 0tr««ehing 
«•• S«li etretol^iag 
iot«f* visual eetiffiatc* of %b9 iute^xi^itiee bssf9 
&»»n tai£.«ii on tht ae&lA 0 to 10* 
w • wMk, Bi£ • Bddim Gtroagt o • strong* ^m m ^ #eaJc strong* 
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•••WW ^BrfjIwiWW^w* ^^^^ 
%»l C'^ 7i!3^ a«toxtttfctidn 9»|^ * 
«l Q-^B^ bsMiag i . p . 
to^ C«C ricig d«f9xnati9ii • • p . 
«^ C«C ring dafosBAtiofi i«p» 
•t« "i-^ i ctretn'^"..^ 
•. | C^«<; jslit^ ^Xaauitidii i»p» 
liu 0«a £!JUag iidfdxsKiktJLda o,|i. 
i>i c«a ^iidiing o*p» 
fc>l 0«*il i)9atii!)s o»p. 
b | a«ii laetiMtig o«p« 
a | rii3@ bx^eiitfaii^ 
1^ 2«H l)«!iaing i«p* 
• | O'^ beading ^AP* 
•^ o<»a ti«!i3io£ i«p« 
ft| a<-^  strdtelilag 
B^  335 • 430 
41^  9 SO • 450 
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U«C str i iUiai i j^ 
4^ «C ring @tc9toJblfig 
C-€ ring etrotehlng 
Q'-i^ pir^ etcotoklng 
1475 • 1170 
1475 • 1495 
C<->a etrotohiog 
J<4i etr^tohlfig 
:i-4i @ynm«txio etratobics 
^•41 &ey:'^ 1iadti^ iO £ltZdtOlilJ3C 
liotdi- Vleu&l @8tisskt«e ot tim intensities litve 
been t«kea Qn tbe eeale 0 to f 0* 
i*l>* • ia-pXaoet o,p, • dut-of^fliuief 
i^ ii • sboiilier» YW • vexgr weeky e » etrong, b • broad 
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x«iajie«d )»j iodla« ato« and HHj cxe^p* 7li« aolAoalar 
If HHj ixott? i s stiftxdsd so oas stoa sad Xiss la «hs 
9l.sa« of tlis slagf tkis aolsflttls ^sxs-lodosalllas 
iMlSttga to Oji^  poiat caoay ubilo ovtto sad asts* 
lodosailias OoXoag to Co poiat fxoap* If tho 11H2 
gseap lo rsfsxdsd s« thsoo dlffovoat steiM* thsa tlioss 
BoXteulos ifoa]4 haTo lailvly six aoaiSl. with tko distxi* 
btttieas 25s* *' XXs' la oHho sad asts-dodosalllaos sad 
for i>siift»lodosalXias« 1%o S2 Yibmtioas of C^^ point 
fsoap aso lasotlTo la lafxarod. fov saslysiafi tbo 
lafzaxod apootzs mA psstioulaiay for as8i«aiait tho 
fimdsaoatsls to «io dlfforoat aodoo of Yibsatloa* 
sssiatsaoo ims booa tskoa froa tho eof^srloioa with 
tbo sssi4aaoat saillao (I) oubstitatod salXiao 
120 
d«KlT««lv«« (5f6 llflT) tad liaIogtfiiftt«4 IMAS«II« (9)» 
fli« IftfXft3!«4 sp*o%wt of i9oatxlo loAocallliMi vlIX b« 
•lliratloii !••• Yibxfttioaa ft««oeift%«4l vith ziiMli 
Azeaatle CMi stsvtohlae fv»Q««noi«« art i«o«zalIj 
ob««rr«d with ctxoac lat«B«iti««» fh^m ar» viz 0 ^ 
8tx«tehliii tw^!mn»l9» ia btaMaa aol««aI« lAldi appear 
la 13ia fxaquaaay ragloa 900(K^00 oa"*** Thaoa fza^aaa* 
«!•• am AaxlTad fxoa •xfi(3062}« li|^(3060)» ajgC^ KM?) 
and ai^ QC^ OdO} ao4a« af fl^zatlaaa* Stia laat taa aadae 
am doulily dacaaaxata* In tha aasa of pvaaaat laraa^l* 
gatloa aalj f»«s (Mf atvatailat asa azpaatad aa tha 
raaatniag fzaqaaaalaa vHX dapaad i^aa tha aaaa aad 
aataxa of aabatitaaata* Vi^ ^ a iaatxoatat avaUaaia 
far tha pxaa^it vaxic It vaa aat paaal^Ia to raaolTo 
tlia fear CM! stratohlai fsa^uaaolaa* tlia fzaqt^ Maolaot 
5100» 3000 aad 3060 oa^ asa aaaigaad 0^ atsatelilBc 
•Ibratloaa for ortiio-» aata-aad paxadodoaalllaai 
xaapaativaly in tha lafsaxad apaotxa* 
1 2 1 
9^ ?fMlrM l^ ft^ fff'* 
fh« 0«H bendlog nodes in sabstlliixted beiui«a«8 In 
tiio diff«s«nt frequA&ey stfloaai 
IOOO-1300 OB ln-^Ian« ¥«iding M0d«8 and 
750->1000 OB*^  out of-pXan« brnding nod«s (1021). 
Ih« position of t h o o a»H dofosiatioas aieo aalnl/ 
dotoxsinod by tho rolativo poaitiono of tho sabstitutnts 
(22,25}* nio aaturo of tho aubotituonto i s of almost no 
ooasotttoneo* Tbo aix 0-4! in-plaao bondini Tibrationa 
aro dariTOd fsoM a^^d^iO), b2^(1152), 02^(1178) and 
02^ (^1037} BOdoa of baasono. Oorzoapoadinc to thaaa six 
C*H ia-plana banding Tlbxatloaa, tba inf rarad banda at 
1250, U50, 1140, 1035 oa*^ or»io* and 1290, 1260, 
116S em Bota and 1265, 1170, 1045 OB*^ in paxa*iodo-
anilinaa ara aaexibad to C-H in-flaaa bonding Tibrationa 
oorvoaponding to 02^(1526), 02.(1178) and 0^^(1037) Bodoa 
of b«is«Ba» 
Tha out of-plaaa banding Tibrationa in bwsana 
ara darirad f » B b2^(995), 02^(975), aj^(849) and 
a (673) Bodas of bansana. In tha praaant iaraatigation 
tha inf rarad banda at 750, 830, 850, 930 om"^  la ortho* 
750, 815, 850 oa*^ in aata-and 800, 825, 935 OB""^  in 
para->iodoanilino ara aaerLbad to C«^  oat of-plana banding* 
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nod«9 of C«»C bead la b«ai«&«f awMXy •2.(X596)» 
•j^^((1485)f 1*2,^ (1510) maA •^(992) a»» •xp^etmA to 
glTO zleo alz c&xboa atxotohiag idbKatloa^ la oubo-
tlttttod bmeonos. Nodoo •2«^^^^^ "^^ •j^U4B3) ftso 
dombly dogoaoxfttt. Tho deably doKoaoraio -vlbzatioaa 
split up lato two floapoaoats tmdoK xodvood wsraaotsy. 
la tiio proooat laYootinatiea tho obeozvod fcofuoaolM 
at 1455» 14T0, 1555, 1575 «»*^ ortHo- 1440, 1520, 1585, 
1596 mT^ la atta aad 1475, 1495, 1570 oa"^ la paz»» 
lodoaailiaaa aro aaozlbtd to 0^ otieotelilai fsoqaoaoloo* 
fhooo aaoifaaff&ta aso la good agvaoaoixl v l ^ thooo 
p»po»od for othor dlaabstltntod boasoao bjr %*3» Bollaa7(24}i 
Aaeag tl^ o C«*0 jslai otxotoblac fieoqiaiaoloa of 
k«..«M. th . d x b>M«IUx Ttteatto. .i,<992) » ! . « . 
•oao ehaago la i t s migaltado v&osoaa othor fro^moaoioo 
avo affootod alli^tly mpoa aabotltatloa* ^ o aa|[Bltado 
of tho slag bsfoathlai -vibratloa la aoao tad aota attbatltutod 
boasoBoo vonalas aoar oibomt 1000 OB*'^  i^oroaa la evtho* 
dloabotitatod bonsoao Its aa^altado laeroaooa vhldi lo 
obvloas fsoB tho fmblo 2«4. In th« proooat larootl«atloa 
tho lafsazod baado at 1002 oa"*^  la ortho-», 990 OB*"^  la 
Bota-» sad 990 oa*^ la para^lodoaalllaoo azo aosl^aod to 
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i i T i l t J 
^4M ^yiit?i;ihM fiiffiyifflfi 
Aail ia* (25) 998 
CMi«tli7l«iilli!.« ( I I ) 9d0 
»<li««i7XasUia« (XX) 990 
I«ll«%l^XttiiiXiA« ( U ) 990 
&liii«thyX«iiXi&« (XX) 990 
»»FXttOzoaiiUiii« (Xd) XOOO 
»»A»liioi»li«ioX (25) 990 
O«0liXoxe9h«mX (2?) X040 
O^u.*oiuat«hyd« iU) X040 
a*fo«i«Xd«^4* (26) 992 
tmm •2^(606)» ^2g(705) aad •2,4(405) moUa of boasono. 
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tmd^ tej (705) 1» noa d#i«Mi»t«« tli« 0-C ©u* of-i»l«a» 
d«iliosflHi%loa WkSp obtftiiuKl fxoB Mdaa 9^{4Q5) md 
li2^(703). 62^ oa thm px—m% liir«fttl«fttloa tli« lafxavH 
bcBids at 380, 595 ea*^ la oxlho»« D^O «i*^ i» leata «ad 
340, 400 oa*^ ia i>ara«>lodoaal,liw« asa aoasid«««d tha 
corspoaaata of •2||(405) aoda of ^aaaaaa* Tha ^ifzaxad 
baada at 525# 640 oa"*^  la ortKo^, 540t ^00 aa"^ la aata 
and 450, 570 oa*^ la paJm-ladoaalXlaaa axa aaal«mMl 0«0 
la^plaaa dafosaatloa* Tliaaa axa ^ a aoayoaaata of 
•1.(606} of tba Haaa i^a* Thm lafzaxad baada at 665 oa*^, 
6X0 and 660 aa*^ a ^ aaal^aad to CM3 xla« dafoiaatlaa 
oat of !»Xaaa Tlikratloat mwmvp^wUkim to ^^g^lQV aada 
of baaaaaa In osf^o-, aata md ?asa»lodoaalXlaa 
zaapaotlvalj* 
7!ia oeoaxaaoa of 1*H atvat<dilBC vlbxatloaa la 
aoat of ttio pTimtTjr aalaaa vaa aatti»Xliiiad 1a/y Sail (27) 
Mid HXla (28)« AooesiliVE to t)iaaa tha lf«-H atxatahlQg 
•llMratioaa apfoar la tha xaaga 3^ >0«>3500 oa • Tha 
f i»i t of tliaaa ahleh lo dua to aajraaatxle atxatflitlag a 
aoda, la aaaaULj fOaad aaar 3500 oa *, and tha aaooad, 
i^loh adaaa f aoa tha oovzaapoadlad ayanatsloia aoda, 
aaar 3400 ea • Both of thoao axa oubjaot to aaalX 
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ohan^m vlth ftlttsoatlon of polaxlty of the 80lir«at» 
oad to zftthor XmiBg^v oh«r^o« in ooneoatzfttod nolatioa 
In vhi«lh int oxaolooitlnr aoooelfitloa em oeeov* Int«j>* 
aoloeulnr Mttdla« also lovom ISiooo froquoaoios* 
Ciaifaao ot al« (29) ^ T O otndloa tho two f*H atrotohlng 
fvo^ttoaeioo in a ooxloo of otiliotittttod oniXinoo nndor 
high soooltttioa* Thoy found that oaeh of tho«o 
fvoquoaoioa ia a dicoet ftiaotioa of tho soaetlTity of 
tho ooapeaad a« aoaaaxod Oy Haaaol nO-uoa* In tho 
praaont iavaati<atioa tho iafzaxad ohoovrod at 7230» 
5380 oa"^ in ostho-* 5580» 3480, 3460 ea"^ ia aota^, 
and 3300, 3410 oa in paxa-iodoaniliaoa aso aaaignod 
to H«H otsotohiag Tihzatioaa* ^ o iriorations 32B0, 
3380 and 3300 oa*'* avo tgraaotKie atailo tho voaainii^ 
thvoo aco aayaaotrio* Tho oyaaotrie and aoyaaotrio 
otrotohiag of tho iadivitaal aoIoonXoo ohoy tho 
«Bpo>ioaI irolation oya « 345*53 ^ 0*876 sya ?sei>oood 
by Bollaay ot al*(25)* Tho aa^nltado of tbo ;?*H 
otrotohiag fvo^uonoioo (i^ flHMtzio and iMiyaaotyio) 
ohooxTod ia 80«o othor oahotitatod hoaaono avo giron 





»«H««hyliiiiiXlA« ( U ) 
ii*?liioro«allltt« (13) 
2, Fluoxoftallla* (3) 
2»? Oiflxioxoftiiilia* (3) 
2t5 DlQliloxoAiillia* (5) 
2f6 Blohloxoanlliii* (3) 
Vl^tioxo*4-^le3EoaiiillBe (51) 






















m^. Bet9a0ving mn& T«l9%la« tlbn-tieat 
fh% seissoxliMi (ojrwNitsla 4i«f^zwitioa) vlbrttioa 
in BO«t of %h» prLmtf axoafttlos «iiii»a «9i»«&n la th« 
rtakg9 1590*1650 mT^* Braat (1) haa aaai<aa4 t»»q[amk9y 
1618 oa"^ la aaillaa and Slash •% •1«(7) hacra asalfaad 
tha fzaqoaaeiaa 1617| 1617 aad 1632 aa'*^ la oxtlio-» 
aatftoaadt paza^ahloxeaailiaaa vaapaafivaly to tiila aoda 
of Tlbsatloa* la tiia i»r«aaa1t laraaHi^atloa «ba baada 
127 
At 1640 and l66o caT^ ax« aaaisB«d ma STH^  •ols^orlag 
iriLlixmtloiis la ortho* sad a«tft»lode«iillB«* Ho eneh 
band vma o^«rr«d In pft3ai»io4oftallitt«« 
Colt hup (52) Has glTca Hio foUovlng oovroXatioa 
for tHo axoaatio •ttlaos* A stroag ^aad «• foXlovst 
Prlarary, 1250«I340 wT^i soooadasy, 135-12S0 ca*^ 
rartlax/t I310*l?^* In tha preaaat laraatlgatloa tha 
Inf xarad baada at I!K)0, 132oaad X350 ca ava aaaigaad 
to C«ri atratahlag Ylbratioaa for ortho** aata-« aad 
paxa«iodoaaiIiaaa saspaetlralj* Tha &•? atxat^lqg 
rlbxatioaa of aoaa aubatltatad baaaaaao aiw glTia la 
tha TabXa 5.6. 
KolaooXa Oxotaad 3tata Fzaqaaaoy oa 
a-^FIaoroaaila (18) 13X0 
o-*ChXox3oattlXiaa (7) X520 
a*Oiao>oaalXlaa (7) X5X2 
p»CiaoxoaalXlna (7) X29@ 
?«nttoroaaiXlaa (3) X302 
2»9*0ifXtioxoaaiXlaa (3) X5X8 
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g«l»l« - ^.6 Oaatd. 
tia»mmmmm»mmm 
2»5 »lfiiilocoaallin« (3) 1104 
2^6 MehldxeftnlllM (?) 133.5 
>»Ciaozo«4<>ll««hylaiilXia«(«) 1295 
3 aaox»-2«!!«th3rlftnUia«(6} 1291 
2-Chl03M-6»!4«f}i3rIftaUl&* (6) 1511 
4»01tloso*2*K«th3rl«ailltt« (6) 1312 
III ^ » 97»8«&t linreiitlfiatlon* th* C I^B^ lii«*pliiii« 
b«idifi« H)>ratio]i« wat9 id«iitifit4 •$ 545* 340 md 
540 ffi"^ for 03Ptte>«» ••%»-«&& pftXtt^loAoaailiSM x«99«o» 
tlTWIy. %• C^ STHj iii«^l«ii« b*adli^ Tibvatloa* of mm» 
sttbstittt'loa MiillMs turn itlTMi la til^l* 5*7» 
ff^m ^i^ffliinf ftiHIilM ^gf^Mf^fy 
tlol«oiil« ^xewiA 3ta%« ?s*ttt«iagr «• 
> f l.iioze-4*0hl.oso«iilllii«( 31) 585 
3-Ciao»«4-3l«thyl«allitt« (6) 540 
5-Cfeloxo-2«ll««iyX«aUla« (6) 349 
2«ChXojeD<^«-ll««)i3rI«iiUl]i« (6) 555 
4*<%l0B>-2-|)|««syl.aaUia« (6) 345 
3»ChIoro-2«^«tli7Xa3ailii« (6) 552 
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Vexlc OA SSJII^S «eX«oaX«s (52) liidleftt«9 that tli* 
9tv«tehiai of tii« &»I bnad «e(mz« Mar ^0 oi • It 
iiaa alcaady ^aan vaportaA In tha Isfsmiwi apaetxoa of 
p^Qhlozoiodobansoaa and le4eb«isMia (53) «A n^dllodo* 
baaaaaa (20) that 0«*Z stsatdltliii Tihsatlon l ias atar 
* . u * 500 « - ^ in « . . p» .« .* l «r . . « , . « lon *... 
iafxarad hand a at 4!K)t 445 ax^ 4 ^ oa*^ ara a«si«iiad 
to O-I atxat^lBg ilbsatioa fbr oi^ho«t aMta-*« and 
paxa*lodoaAll laaa • 
All otha» fsa<|uaseiaa olMorvad la tha iaf^iaxad 
spaetsa of iaoaavle lodoaaiXiiiao ava aaaii^ad aa 
ooabiaatleaa ffid orairtoiiaa of tha ftodaaaatil vlhnntioaa. 
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Zm 0«rgu«oa« i«B«i Httd«<iiit fi«l*«i i«lX89ii« *F« Bud and 
3 a l ^ t l>«C« ^. C»i«M. niy««, i^» 1457» 1464, 
1470 md nZf (1951) • 
3» 31ii«l%, 3.9« oad 3i!ich* I*I«* Xatiait #• Pus* appl* 
l ^ a ^ t ! • 250 (1969) . 
4 . trlpft^ilt 9.l{,K« iKi4 Fftad«y» ?.M* lodlMi if. ?ar« 
•991 . Wiy»., i i , 1860 (1975) . 
5. Saayal lltlsh K.i axiT«»taTs» S.l>. and Oo«l, E.K. 
Xadlfta pus* api^l. f!^».« ;^ 719 (197@). 
6. ihaxM» S.M. md &iv«<i» a.F.D. Xadiao J. Fhjs . , 
2S# 50 (1976). 
7. SliMih, ? .3» | Slttih* E.». and Siagti^ X.3. 3i^etxoe)ii9i, 
A«*»» 124* 927 (1966). 
8. 3d«l, fi.K. fmd 9«i9%«t 3 . 1 . Fi!ft»aiiA» jy,, 541 (1978). 
9. Hasst S . | Cehlxatiteb, K.V.F, md Vog«l, B. Monlaaoh, 
2 i , 200 (1947). 
liO. Sitwas, B.C. et a l . Indian J. l>liyt., ^It 603 (1955). 
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Phy»*, l i , 454 (1978). 
12. PttjnmlV» ?.a. Md T«nkfttftrMwi!i9 K, ?soe. XadlMi 
Ae»d. B0l., !^f 146 (1961). 
15. E«aiii«*oa, i'. jr. /m. Ch««. 3oe«, §Z9 1^58 (1945)• 
14* 7i»ida«rt A.O. and leilson* J. Mmtional Ad-rlaoxy 
Coa«ltt«« OB Atteaa^tli?*, AIR iio.BSH-279» 
14 (1945). 
15* ?ar«7saim, M. C.r. h«*M a«ftao. AOAd. 3e l . , ?«:ri8» 
aait 309 (1936). 
16. fr«yMaia» H. C.r. h*M Svane. Aoftd. Sel . t Parlst 
aa2» 1974 (1956). 
17* 31m«hldhMr» M.A. tnd SiiJE3r«iuinqraiia« K. BAO. 
3p«e«TOehin. Aot** ?6A. 2373 (1970). 
18. ¥ • » « , ?.C. Xadlaa J. Phys.* ^ B . 53 (1977). 
19. 3iii«h, K.B.f Slagh, I . P. Md Iftl, l).X. ladlfta <r. 
Pus* fti>pl* 7hrn,9 2bi« 740 (1981). 
20. az««a, J.H.3. 39«etxo«diiai* Aet«t ??4« 1505, 1525 
(1970). 
21. Vlff«n, B.H. 3p«etanfllilB. Aot&, 1» 355 (1955). 
22. 3«11, E.? . | ThoMvoa, H.V. and Taco* H.S. ? » o . 
lioy 3oo.(Leiidoa) 192A> 498 (1948). 
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25* tflilff«a, 9»H* mA ^oason, H«¥* J* Ohm, 3oe. 
268 (X945)* 
24* !l«XI««rt a^*^ * * XnfSAS^d fl^otxa of OOK|IX«X &tol«eta«" 
Joha V«l«y |»-S9 (1959). 
25» 31n^, fi.J. Ph.D. th«il9 8.II.0. (1963)# 
26* Siagh, ?«B» and 3 1 Q ^ » J«3« MOX* 3?«etxo»oo9y 22.* 
282 (X9i6)» 
2ir« a«U» »*K* J. Aft. Oh«B« 390.• it* 3^^ (1962)• 
28. sni«, J.W* J. AM. Ch«a» 3«0«, SSI, 635 (1928). 
29* Califaao and lleeela« dft?s* Chm*, ^ » X0X4 (1956) • 
50* ivXXftOQr and ViXXlMw* Spaetmcihltt Aeta*, % 
34X (X957). 
3X« SiMiyaX, 17«i:«i SzlTafltaTa, 3«S« i«id Oo«X» lUIC* Ittdlan 
J* FiS£* and «9pX« Pliye^t ^^t '719 (X97a>« 
52. CoXthup, J* 0|»t. 800. A«., i £ , 397 (X950)* 
53* Aaaasl^ A.K, and Vaisat ?«1E« Abatraet of ooafasaaoa 
oa ** MolaeaXar Spaotcoaoofy* haXd at Annsauaai 
ilalTa»iity la Anigttat {X979K 
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kMMkJk 
Infrared Gpootpu® oi ortho-i'laarotvailii^. 
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X««€r lia^^r. Bpaet£«m of p&m»F]yu9roauiIirj« 
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Aniline I0 one »f th« Inportant ox«ftiiio oompounde 
vliieli attSROted the attention of tho X&iie nuibor of th« 
voskera* Th9 liataaa infraradi and nitxavlolet abgo37|>tion 
ettidies of aniiiaos hare been attadied thorou^Xy* 5ut 
the 8peotxo8<»9i»le etisdir on i t s aono* and disnbatltuted 
seen to be limited ( I - 5 } . z^om the available literature 
i t appears that speotril atudies of iaoaezie fl\aozo* 
anllinee were fiiade by llohlrauaoh (4)* Ibey have detexaiaed 
Haoaa frequeneiea of these aoleoulea by extrapolation aethod 
as well aa experlmentailly (6)* but have not given the 
polariaation aeaaureaeiita* In one of hie earl ier vor^ (4} 
iCohlrauaoh (4) haa reported diaraotexiatio frequeneiea 
« » l 1156 and 634 on in tlie abaorptlon apeetra of i>»fliioro« 
aniline. Shaahidhar asd Bao (7) have pabliehed a ahort 
note on the ultraviolet absorption spectra of ieomeric 
fluoxoaailinea and la t t er they publisdied a ful l paper (3)« 
3«i:* fevari published 11 ahort note on absorption apeotrua 
of p»flw>xoaniline« iTitraviolet esiiaaion apeotmia of 
O»fluoroaniliae have b<»en publiahed by 3«^« 3in^h and 
"l.l** Singh (9)* Vibra'iional speotra of fsoaerio fluoro-
anilines have been atutlled by Shaahldhar and Mio (10). 
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Laatr Eanan and iafrarod gpeetm of a-fXtioroAnillna have 
been studied by Vexaa ( I I ) . Ditalled etiidlea of u l t m -
• l o l e t absorption end emieslon epeetra of O-na-and 
TwfXxiozeaniXine have been oMide by Btn^ (13) snd 
Tevarl (14) In their Ph.D. the9i6s«6 Shashldhar and Eao(I5) 
have not reoozded the Raaan ap»otra of isoosrle fluoro«» 
anilines* They have only recorded the infrared speetra 
frott 700*4000 oa • It appeari tSiat no detailed study 
of laser £aaan and infrared sp»otra of ortho- and para«» 
fluoroaAlllne h&rm been made 3<) far* In the presmit 
sttidy the laser Kaaan speetra iKanan elilft from 
192-5060 OB"^) for ortho«n.uor>anlllne and (162 to 4000 oa ) 
for p-fluoroaniline have been reoorded* fhe infrared 
speetra of these two noleoules bave been reoorded in the 
region 250-4000 as • In the ^wum speetra of ortho-
fluozoanlline the depolarisation ratios hare been ealoulated 
vitb the help of the iatensit ira observed in polarised and 
depolarised spectra* Therefore i t has beooae now possible 
to oonflra the •arlotu synaetrles of different vibrations* 
In the ease of p-fluoroaniliae Baaan frequencies obserred 
in the laser Haaan speotziua ha-re been very vei l correlated! 
vith those of infrared speetruia* 
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th« saapl* vk994 l a tb« i^r^stnt lnT«9tl^atlon vns 
9tt|>pli«d by Aldiriaek Co«» U«3«A* and statad to b« of 
••xy high parity* Tha aonpla waa liqiald at room 
taaparatura. Zafrarad apaetma of pixra liquid (thidkar 
f l la ) ortho^flooroanlXi&a vaa raoordad on Saekaan I.K,«12 
apaotroaatar la tha rafloa 250-4000 cmT^, Tha path langth 
was 0*025 Btt* Tha traoa of tha lafrarad apaotroa la 
raproduead in fig* 5*1* 
Tha total nuahar of baada obaaxrad in tha lafrarad 
aiwotma of ort^o*fIuoroaniIlaa la thirty ^saa* Moat of 
tha baada ara sharp and aaXl dafiasd aharaaa aoaa ottiar 
baada ara broad and Xaaa iataaaa* lataaaltiaa of tha 
lafrarad bands hara baaa aart^ igaad Intaxaa of rarioas 
fundaaaatalfl and ooablaatlon ^bzmtions* Tha aaalgnaaata 
of lafrarad fraquaaelaa and thalr intaaaltlaa ara eiran 
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A«» 850 • 10S0 
^J* ?iO .- 1&00 
A* 11 ^ f • 1^5 
i.« tpOC • 1325 
4» 2 i^  1465 
(*• v-i^i s t r e t c M n ^ 
A« 1530 • 1630 
* • ri-4i fttretolJing 
&•• iWH etwtohi£i<i 
i*0t#i«» VistMa •8tiB&tM oS ttm lat«nel.tl«e have 
&«oii t^«s aa tte oealA 0 to 10* 
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L*a«r lianaa speetsa of orttio-»fluozoanlIla« was 
^•oozded by the 5143 A^  l ine of a speotsa ?hyoi08 
(Hod«l 164) A^gon-lon aoure** On a Hasan apaetrophoto* 
aatar vlth ipovar 400 aw, 311% vldth vas IctT)t at 50iAtfi 
idlb 2 oi*^ latarral* Polarising f l l tars wv% usad to 
raoozd tta JBaaan apeetra In parallal and paroandleolar 
dlraotlons. Bopolarlaatlon ratloa of tha Kaaan llnaa 
hftTa baan ealoulatad vlth tha halp of aaaearad araaa 
of tha Tlbratloaal banda. Baaan shifta fsom 192*506o cmT^ 
haTa baan aaaaurad. Tha traoa of tha Haaaa apaotra axa 
rapxoduead In f ig . 5*2* 
Raanlft 
;ilxtaan Baaaa baa&s hara baan obaarrad. Hoat of 
tha baada ara #iazp and vail daflaad vhaxa as aoaa o^ar 
band a ara laas Intansa. Naturally tha Intanaltlaa or 
araaa of tha baada obaerrad In Baaan apaetrom raoordad 
In parpaadlotaar dlxaotlon vould ba laas In ooaparlson 
to thosa of Baman baada itildh ara raoordad In parallal 
polarisation* All tha Kaaan bands hoiva baan asslgnad 
In taras of raxlous ftindanantala aalaly vlth tha halp 
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Of aeT>olari«atlon ratios of th« Raaan bands* Ths 
as^l^niMnt of Kaaan fvt<|ttoiieit8 vlth thalr d«t)Olarl-
cation ratios i s givon in 7al>lo 3*2, 
Ortho-fluozoanilias i s a disubstitutod bsnesns 
in iiliiah tvo hjrdzoesa ato«s of btnsons aro rsplaosd by 
fluorine atom ani U'tig group. Ths aolooular strurstnrs 
of ths ortho-fluoroanilins i s givsn bslow: i f ^ 
If tho ^2 group i s rsgazdsd as ons tuosi ao^ l i s s 
in ths plans of the ring* ths aolsoule ortho-fluozoaniline 
belongs to point group Cs and vould have thirty six noiaal 
•lbrations with the distribution* 
25a« ^ 11a" 
The vibrations a* are totally syasetrie and give riss 
to polarised l^ aaan l ine while a** Yibrations are anti* 
synmetrio and giro ri;<*e t o depolarised Basan lines* 
For analysing the infrared and EaoMui apeotra and 
partioulazly fov assigning the fundamentals to diffsrsnt 
nodes of Tibration aasietanoe has bsso taksn from 1d)e 
compariBion with assignissnt of aniline (1)» ortho* 
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table ^.2} i^mmik 'k'^qviien^l&& of art»riO-Jtiu«rd&r4.'JJ.ft« &a^ 
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on til* teals dtpoIaxlMtlOtt SRUOS of th« BMUUI IIIIM* 
Vltfh th« h«Xp of dspoXasisatlon ratios ws bsTS ooaflaMd 
tlis snMotigr of tlis psTtlottlar Tllizatlosi* 
Thozs sxs six C*H stzst^lafi fxoqusaolss la bsassns 
with ths follo«lii« Mdss of Tlbsatloa t^^ilOBZ), )>j^ (^3O60), 
l2g(3047) ami Ij^ ^CJOSO). 
fho last tvo aodos ars ii^uVlf dsgsaszats. In ths 
sa«s of dlstttostlttttod only f^vr CM! st>stdlilii« fssquoaolss 
ass sxpsotod as tho othor two f soqtisaolss «o«ld dopoad 
u9oa -tlio aas0 md aatuzs of tho sabstltuoats* Out of 
tlioso fovur f sofaoaelss oaly oao fsoqaoaogr at 5040 ca 
Is obsszTSd la ths lafsazod spootsoa aad has boon assltasd 
to 0«H stvotohlag aodo of Tlbxatloa* 9ho TaXao of this 
fzoqtisaojr la Baaaa spootxoa Is obsoxrsd at 5070 oa with 
doi^Xadsatlea ratio* 
!rho 0»H bsndlafi aodos In bsnssao ooour la tvo 
dlfforsat froqusaoy rofloa rai^iss 1000-1500 oe**^  (la 
plaao bsadlatf aodos) and 750*1000 on*^ (out of-plaao 
boadlBf aodos)* Tho six la«>9lans bsadlag aodos axo 
dorlTod fs»a 02^(1340), b2^(U52), 13^(1178) aad lj^^(1057) 
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•odM Of hmiuvif* 0orrt«9oadia< to thooo olx ln«pXaao 
bondlnit aodoo only fowr aro oxpootod to t>o otooovfo4 la 
dioubotltttfod boaaonos* Tlixoo fsoquoaoloo at II3O9 
X200 aad 1529 ea*"^  azo obaorrod la tho iafxmvod apootzua 
of ortlio«>fXuosoaailiao« Corroapoadiag to 1200 oa 
lafzazod baady Baaaa fvoqaMkOF la obaozvod at 1196 on* 
haTiiW tbo dopolaslaatloa ratio 0.17* Oovroapoadiag 
froqaaaoj at 1200 oa*^ la lafsaxad apoetxaat 1270 oa**^  
la olootieaio oaiaaioa apaatrnm liaa booa sa?ortod by 
Slagh (13)« Tbo ozoltod atato vlbzatloa ooxxoaiioadlai 
to thla cxoand atato Tlbsatloa liaa booa sopoctod at 
1126 mT^ la ultzarlolot oloetaoalo abaoxptloa apootma 
of tho aaao aolooalo by 31a«h (13)* 
Xa «io pxoow&t oaao oaly t«o lafzaxod baada at 
890 aad 920 oa aro obaasrod aad baro booa aaai^od 
to C«R oat of«>plaao boadla^ aodoa of ribsatloa. Ho 
fiaqooaogr baa boon obaovfod la tbo Baaaa avoetzua of 
^ 0 aolooalOf ooneoapoadlad to tboao aboTo aoatloaod 
lafzazod baada* Rovoras* oao Raaaa fzofuoaoy at 
758 OB*'^  baa booa oboosvod la tbo fiasaa apootxa « 1 ^ 
dopolaslaatloa zatlo 0.17* It appoaxa vltb tbo bolp 
of dopolaslaatloa satlo tbat It la a ayaaotslo Tlbzatlon* 
Bat la thla saaf o C«a oat«-of«>|ilaao bfadlag Tlbzatloao 
ooeur vbloh aso aatleyaaotslo* Tbosofosot thla Tlbsatlon 
la takoa aa a fttadaaoatal Tlbsatloa vltb ao pastloolar 
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«od* of irilmtiOB. OonMspoaAias fvoqucney m\ 758 ^aT^ 
In lafzftMd spootrtMH 762 ea i& •l«etroiiie ••iaalon 
•pootroa hM b9«a xvpoirtodl by Singh (13) • Tb« •xolted 
Tibxfttloa oozvtapoadiiii to this gsotmd stato -vibration 
haa baaa xaportad iiH 726 ea*^ in altsariolat alaotzoaie 
aboocptiea apaotzua of tho aaao aelaaalo by 3i»ih (i5)* 
Tho foav oasboa atsotti&iai aodoa of bonsoao aaaoly 
02^(1596), Oj^ ^CUaS), bjj^dno) and a3^092) aro oxMetod 
to civo rl90 to six C«-C otzoteiiiaf Tibxatioaa in 
diaabotitutod boaaoaoo* In tho praont iaroatlgatioa 
tho TibsotionaX fzoqaonoioa at 1020, 1455f I465» 1500 
and 1650 oa*^ haTo boon aoaigaod to C»C otxotdhiag aodoo 
of Tibxatioa* oorzoaponding to 1020, 1500 and 1630 os 
infzavod baada, Raaaa fxotuoaoloa aro obsorrod at 1020, 
1500 mA 1625 oa*^ with tho dopolariaation ratios 0.21, 
0*21 and 0*29 roopoetiToly* Tho froq««iej 1020 oa*^ io 
alao oallod at ring broathiac Tibratioa oorsaapondiai 
to aj^(992) aodo in boaaimo* Cerroapoaiiiag froquaaoy 
at 1028 oa in infrarod apootraa 1028 oa*^ in oloetsoaio 
oaisaion apootraa, 1090 ea in Baaaa apootxais haa booa 
roportod by Singh (13}* Tho oroitod atato ribratioa 
haa boon roportod at 950 oa *• ultrariolot olootronio 
absorption apootraa of tho aaao aoloealo by Siagh (15)• 
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9"^^ MM M^pmUm Y4Vinil4yM« 
Th* Aug dcfoxnatlon fMqii«iioi«B la vubstltutcd 
b«ns«n«9 as* MK9««%«d to aslso tmm •2^(606)9 ^2g('^^'^» 
and •2^(405)* ^ « dM«iM>»t« ln«9laa« zing dcfoaeBatloa 
•2.(606} of b«as«io opllta into tve ooapor^nta* fho 
Infzarod bond at 550 oi*^ aad Baaaa baad at 566 oa*^ 
vltli doi^ladaatloa satlo Ot66 hava baan aaatgnad to 
C*c lxi»9laaa banding Tlbzation. Oonaoponding f vaqaaaoy 
at 556 la lafzaxad opaotsaa 549 oa**'' In alaetxonle 
•alooion ap«etnni« 555 ea * In Baaaa spaotxua has baaa 
zaportad by SJLngh (15)* Tbo oxoitad otata vibsatlon 
oorzaapondiag to this gxouad stata Tlbratioa has boon 
zapostad at 5X5 oa*^ in itXtzaTlolat aiaotzonla aboozptloa 
opaotzaa of tha toaa aolaoala by Singh (15) • 
% o lafzazad baad at 445 oa hao boon aaaignad 
to 0 ^ in-^laaa banding Tibsatlon and oonaidazad tha 
lovar ooapoaant of tha •2^(606)» aoda of baaaana 
oorzaspondittg fzaquanoy at 456 m in infzacad a^aotziia, 
A2Q oa in i&aotzonie aaiaaion opaetzaa has baaa 
zaportad by Singh (13)« Tha aaoitad vibzation oozzaa* 
ponding to thia gzoand otata vibration haa baaa zaportad 
at 403 OB"^ in altraviolat a1 
soaa Bolaoala by Siag^ (15)• 
abaozption apaetraa of tho 
Tha iafrarad band at 420 oa"^ and Raaan froqoanoy 
at 292 OB*^ with, dapolarlsation ratio 0.85 hara baaa 
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M»l«a«d to C«C Ottt-of-9l«n« totadlac •tlmtloa sad 
eonsidovtd th* Xover and upp^r aoapoatttt of tha 
•2^(405) aoda of baaaaaa caapaottraly* Oonaapoadiac 
to 292 oa*^ Baaaa fzaqaaaoj* tlio fxaqaaaay 28S oa*^ in 
•aiaaioa opaetzoa* 289 o a ^ la Baaaa apaotcoa hat baaa 
saportad by 31a|^ (X5)« Tha azoitad atata •insatloa 
oozraapoadiag to thlo gaoaad atata Tlbsatioa haa baaa 
zaportad at 258 ea*^ la altxwrlolat abeoxptloa apoatsaa 
of tha (MUM aoXaoula bj 31a^ (15) • 
Tha Infzazad apaotza of flaozonatad baaaaaao 
haTa baaa otadivd by Faaguaoa (I6tl7)* Thay hara 
aaalgaad -ttia fxaqaaaoy 1250 aa*^ to G^t atxatehlag 
Boda of Tlbzatloa* la aaalocy to Hh^m* aaolsnaant 
tha otiaag baad at 1260 oa la tha Infrarad opaotxua 
aad 1264 aa l^ aaaa apaetroa hara boon aaalgaad to 
0-F atvatohlac aeda of Tlbratlon* This Baaaa llaa la 
eoaplataly polariaod* Thla aaalgaaaBt la la goad 
agzaaaaat with ^oaa of Shaahldhar at al.(Il}* Oorsaa* 
poadlag fzaqaaaoy at 1272 <•*'' la lafvarad apaetroa, 
1288 oa la «laotvoalo aalaaloa apoatzaa, 1272 aa*^ 
la Baaaa apaetzaa haa baaa zaportad by Slagh (15) • Tha 
azoitad atata Tlbratloa aorraapoadlag to thla gzoaad 
atata Tlbzatlon haa baaa zaportad at 1228 tmT^ In 
altrarlolat abaozptloa apaetzaa of ^ a aaaa aolaeola 
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bf Singh ( 1 3 ) . 
0-F In^plaii* bending Tibration haa b««n aMi«n«d 
at 740 «B*^  in th« inf zmsaA spaotzoa of orttio*fInosD-
aniline« Siffiilar aMpignaaat lias baaa aada in X^fliioze 
2t4 dinitcobansvM (18) nolaeala* Ih« iafxastd band at 
25e OB hao boon aooignod to Q^ out<*of*9lano bonding 
•ibcatioa* This aoaignod i s favourod by aooignod of 
Aaoasi (18) • 
Vibsationa of C*i??Hg Qgoupi 
Tho H«-il ot rott ing froquo&oioo aso goaorally 
oboosrod in tho sogiea 5300*5500 «B*^« Brano (1) hao 
aooigaod too intoaso baado at 5560 and 5440 oa to 
two N-H vibxationo in .^2 f^^P* Thoxofoso* tho 
fxoqttoneioo 33^0 and 5450 oa*^ oboozvod in tho infxaxod 
flpootxoB of ortho^flttOxeaniXiao havo boon aooigaod to 
tho H«H atrot^iiag aodoo of ribxation* Za tho Raaaa 
opootzua only oao Hasan fxoqooaojr vith dopolaxlaation 
zatio 0*07 has boon obooxvod and aooigaod to K^ 
otzotdhiag aodo of ribxatioa. 
fho infzarod band at 1590 and I^ uaum band at 
1580 ea*^ hoTo boon aooignod to li*H in^-plaao banding 
aodo of fibzation. This fiaaan lino i s ooaplotoljr 
polazlaod. Tho saao aodo of ^bxation in aailino 
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•oiceolt has ^—n aasUnta At 1$18 mT^. This •MigioMnt 
1« fsvouMA ^y tfe« MaigiiMst of 8li>rt>idli>g •% Alvdl}* 
Th« Bamm fxvtMaaj oto«»r«d mt 192 at In BIOMBI 
•^•otiua of orttio«fl.tMi!e«alXliM liM boon assi^Md to ^ 2 
tondoa •ibratloa* Tho dopolozisotlon satio of thla 
fioMB liao io 0.80. Tho ooM Mdo of TlOsiitlon lioo liooa 
oosigaod by Siai^ (15)« In ^ o laoov Bmma opoetcoi 
tlio bond ot 1245 oa*^ hao tho dopolozisotloii mtlo o«95» 
Vitli thio •oXtto of dopolorlnttoii ratio tbio boad 
oorroo9oad« to aatloywiittseo irlbiwtioii* Hovovos thio lo 
tbo zngo f»» 0 ^ ia-^Xoao bonding vlbcotlon viilc^ lo 
oXooyo oyaootxlo* IboxofOsot tblo bond boo boon ttfcon 
00 o fvadooontol boring no poxtloalor aodo of Tlbxotloa* 
Tbo Infznxod bond ot 1500 oo*^ boo boon tokwi to 
pxooont tbo C»9 otcotoblng »odo of vltootloa oosroo^on* 
ding totally oyaaotrlo a' opooloo* by ooneoofondli^ to 
tblo Infzasod bond. Bonaa band vao oboosrod at 1295 o«"^ 
#ilOfa lo ooaplotoly polaslnod. 
All otbov bofldo bavo aoolgaod aa ovortoao oad 
ooablaatlon of tfao faadoaoatol tlbxatlono* 
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?JLBT « B 
3gQfI0M - A 
supplied hj MXAnldtL Go*, U.S.A* md •%«%•< to b« of 
Toxjr hiitli pozll^* Tho ••«9lt vfto ll(|aid ftt seoa twipo* 
xfttttxo* lBf>«x«d 89»etxaa of pftm«>fIiioxo«aillno mm 
xoQOZdod ixi 00X^(50/ ooltttloa) la %h% voiloa 250-4000 OB~^  
ott a Bo^esaa Z&*12 tpootiOBOtor* fho liquid eoll of 
thlekaooo 0*029 mm was iiaod to moozd Hio opootra la 
Xlqiald fdiaoo* 
Boaaltt 
Tho total aiatbar of baada oteoxvod la tlia lafraxod 
apootxaa of paxa-fXuoioaAlllaa la ^Istjr oao* Moat of 
1^ 0 baada act ^axp aad voXI daflaad ifdmrm aa sosa otiior 
baado aza bvoad aad loaa lat«iao« Xatoaaltloa of tha 
lafzaxad band hava baaa aaal«aod la ta»« of rarloaa 
f^ UfedaaaataXa aad eoablaatlon Tlbeatloaa* Tha aaalCMeata 
of tba lafxarod fraqaaaelia md tlials lataaaltlaa aza 
glvaa la ^abla 5* 3. Xafsaxad spaetxaa of pasa-flaozo* 
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b| 0«-f btNliliK o,|i« 
b| 0-0 fi&g 4iif01Bati9l& 9«f* 
h^ 0«« ring diifosKiUoii i*p» 
^ a«E iNiiidiai 8«F« 
b| Q^ mnOiXng o«f • 
b| 0«<a Ik^idiog • • y . 
• l a«a 8%jptt6)ii6« 
^ S«a IwaOiQC o«p« 
«i a .^ iMQdii^ i , p . 
•^ a«E ^ M i i ^ i . p . 
«l 0«8 bwQdlOft i*9« 
8^ 0~F Ktrtjtel'diii; 
i^ a«ii stMtttHii^ 
1^ CM? 8t|>9«tllill|| 
i^ e«0 stMtoki i^ 
ft| H«8 W n d i ^ i.p« 
925 • 8 2 4 
B^  1020 • 660 
1SI5 • 650 
»! 1160 • ^ 5 














6 t <> 
9t • 
A| 1929 • 1160 
mm o-a etxvioiiiog 
•^ 0«a etvfttaMog 
flu i*a 6tr«t9liiii8 
h^ i<4i stMtefai&i 
hmtm %«k»fi &Q t i l t M a i * 0 to f 0* 
S^ « i^lioiadtfft * • •tsoaftff « « iMMiJct to • tojeo«4 
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IiA8«r liamBn spootroa of pftSft^fluoxoanilla* vas 
x«ooEd«d bf tli« 3145 A^  Iin« of A apeetza l^a lo 
(Mod«I 164) Aigon ion eousoo oa « Baaan opootsoia»%or« 
fbo pevor of lasor was Icopt at 500 sW* 311t width was 
kopt at 30 ^ with 2 GBT* iatorral* Haean ^ i f t a upto 
1618 ea vas vaooxded only* Daa to ooloosod eoapound 
v« oould aot got BflMaa shifts upto 4000 on*'' and tho 
dopolazisod Hfkaan spootxaa* Tho tmoo of tho Baaan 
apootstm io ropxodueod in ?i$* 5»4* 
Ton Eaman bands havo l»eon ohoorvod in tho Kaaan 
opoctxtua of tho paxa*fluoxoanlliao» ffost of tho b€U)ds 
aso sharp and wall doflnsd lAioxo as fow bands azo loss 
intonso Old bzoad* All «3o Jiaaan bands hsTo boon 
assignod in toxas of Tariotts fnaAaaoatals* Tho aso i^-
Bonts of Raaan linos havo boon givon in Tablo 3»4* 
mCTlQli ^ 0 
Piaottssion and Analyaifft 
Tho tsoloenlo paxa*flti«>xoanilino ia a diaubstitutod 
in whtdh two hydzogon atom aro ronlaood by fluozino atoa 
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iBu a«S% b«ndilH| 9«P* or 
* * NH2 t o r s i o n 
b^  CM; ring ^tosBiatidii o»p. 
b^ ^'4; s i n g 4«fdBMiU9a l « p * 
b^ O^U b«ndlns d*p. 
t>^  0-H l»#ndi»g o«9« 
Ai^  Q-^ i htndiog i«p« 
9^ S<-f iit£<9t«llil^ 
« ! C«C &t£«toMi9 
•^ II«*B b«nditig l«p« 
XaWl* fisuaO. ««tisa^<» of tJit inUtmltUn imr9 boon 
taken on tte toalo 0 to 10. 
« m vo«k« nu^  « modiiM Btiovg* 
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and M^ group. If bhe JiHg «a>up in regarded as one 
fttoe and l i e s in the plane of the ring, the faolecule 
paxa-flttoroaBlllne biiXoaga to point gsoup. There 
would be thirty six jioxa^ oodes of vibsationft vith 
the folleviog distribution 
13«^ + 12bj^  • 4*2 4- 7^2 
for the paraF>fluoxoaailine aoleoiHe* ^ e a^ vibrations! 
are InaetiTe in the infrared. The analyais of the bands 
«ad the assignment of the fundaaental frequenoiee have 
been done on the basis of the aasignoMiBts of aniXine(l}« 
ortho«and para-»fluoxotiniline (15»1'5) and Hainan Xinea 
observed in Bi^ um apeistruos* 
there are air s tre t^ ing frequenoies in benaene 
vith the foXXoving aodea of vibrations 
aj^(3062), b3,^(3060), •2g(5040) and ej^ ^OOSO) 
The Xa t^ tvo 0H9de9 are doubly degets^r^te* la the ease 
of diaubatitttted benacie oaXy four C»H atretohing are 
expeoted to be observed as the other tuo frequencies 
vouXd depend upon the tiaaa and nature of the eubati-
tuente. Out of these I'our f requeneies onXy tuo 
frequenoiee are obaervc»d in the infrared apeotruffi have 
been aaaianed to 0*4! at retching nodes of vibration* 
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fb« (Ml to^adlB^ aMdet la oabatltuttd to«am«ii» 
ooottr la tvo dtff«r»at »ui«««i i 1(K)0«1500 OB*^ 
(in«»plaii« l>«ndliiK M>d««) and 790«XOOO on (out^ef* 
plan* baadifii aodae)* 7h« six CM! la^plaaa bandlag 
sadaa as* darlrad fzoa a^ ^^ ^^ ^^ *^ b2^(U52)t a^gdlTe} 
and a^ ^ d^OTf) aodea of b«s««]}«. Oosraapoadiim to thaet 
six C<*H li3«-plaa« bandlag oodaa only four aco axpaotod 
to bo obaarvad In dlsubotitutod boaaonoa. In tho 
pzaaont inroatlgation a l l four fraquaaoioa 1020» 1160 
and 12?5 oa ara obaarrod In tha iafzmrad apaotroa, 
OorraapoodlKMS to 1160 oa*^ lafrared vlbratlotif i^ aaan 
fraqaanoy la oboarrad at 1150 ea • Corraapoadini; 
fraquaaey at 1156 en '^  in iaf earad apaotrtu and 1150 em 
in Baaaa apaotrua baa baaa raiwrtad by Tairari (15). Tha 
axeltad atata vibration oerrafipoadlag to tbia grouad 
atata Tibratlon haa baaa rapoirtad at 1142 on"'^  In 
ultraTlolat absorption apaetnia of ^ a aaa* aolaeola 
by Tavarl {15)« Corraapoadlfli to 1020 oa"^ lafrarad 
band Tavmrl (15) baa rapertad only gsoaad atata Tibratlon 
in ultrarlolat aniattloa and is f caxad apaotrta of tba 
•olaoala pa»i<->flt)yoroaallina* 
In tha praaant InTaatigatlon, only thra« inf raxad 
bwids at 840, 925 and 985 oo"** ara obsorradf i^ioh ara 
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ft»«iffii»d to C«ll ottt«of-pX«ii« l»«ndlag •Ibzatloa* RIUMII 
fvt^enoi' o^«w«d at S40 aatt 324 on Hav» b««ii 
fMal«a«d CM! ettt«ef*plftii« bviiding aod* of Tllizfttlen* 
f«inirl {15) lias ropovtod th« g»uiid stat* and Tlbzatlon 
at 852 and 8% m la iafnufod aad •slasloa opoetra 
oorsaapofidias to 840 on iai*saxad baad in oav lafssajpod 
«9«etvi»i« flio oxoitad atato Tlb3?atloa eorraapoadiag to 
^ i a ^sotiad atata vibratloa liaa baaa raportad at 826 on 
la uXtxarlolat abaoxptloa apiotxtw of tha aana aolaoaXa 
hy favazl (X5}* 
Tha foiir eaztioa atratelilag aadaa of baasana aanaly* 
a2^<1596), •i^(1485)# b^^dno) aad •3^(992) aza axpaetad 
to fllva dsa alz &»C atsatohlag aodaa of vlbxatleaa la 
dlaabstltutad baaaaaaa* Xa tha pxaaaat loraatlgatloa 
tha iBf razad baada at I020» 1440 aad 1525 oa*"^  hava 
baaa aaalgaad to 0 ^ atratt^la^ aodaa of flbratloa* la 
immuR apaotxaa tha fiiaqaaaoy 1596 o» haa baaa aaiiMaad 
to Q»C atrattfilag oodas of vl&iratloa. Tha vlbzatloaal 
fvaqaaaay at 1020 oa*^ la ala» oallad aa nag braathlai 
•Ibxatloa* 
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Th« 2inf defoBsatioa ftvqtioneifta are d«zi-v-«d fxois 
^2M^^^^^* **2«^ ^ '^^  *^* •2,1^405) BOdeo of b«BMme« Modes 
«2|.(^06) A2iS e^ C^ 403.1 are doubly degeneimte i^ i le laode 
b^ (705) i e iioa degenerate* ?he (M; out of^pXene 
deformtlon are ebte'Laed fzoa aode 92y^{A03) end ^2s^^^^^* 
In tHe preewmt ImreeUig&tlon the infrared band et 440 
wstd i^ Mmn btt&d at 45^ ^ ere ooneidered the upper component 
of the 03^(405) aode of beaeene* Correepondina fre<iuene7 
at ^n m'^ in l»fr». .d « . o t » B . 452 e.-^ la Raoaa 
epeotxua, 440 ea It. ultraviolet abeorptlon epeotruo 
hae bees reported by Tewari (15)* %e exoited state 
•Ibration oorreepondSng to this ground state •Ibration 
hao be«i reported at 513 cm la a l t ra^o le t abiK>rptloa 
apeetrua of aaa^ taoleoule bjr tewarl (1^)» Xn Kaman 
speotaia a band at 556 on hae been aa^lgaed to C*C 
out of plane beading vlbratloa* Thie Tlbimtioa oorrea-
poade to l^e lower eoapoaent of the 02^(403) wide of 
beaseae* 
The infrared band at 6 ^ on ead Eaaan band at 
654 OB have been asiigaed to C«»C Inoplane bending 
node of vttHration. Tiila vibration oorreepoada to the 
upper eotBpoaent of th«i e^ (606} e»ode of beneene* 
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T«imxl (15) li&s S09ort9d the •xoitwl stat« •i^ration 
eovs—^nAing te this gioQiid atate vibratloii at 
530 ea*'^  la altxvTioIat abaoiptios apaetroa of tha 
aaoa aoXaaala* 
Thm infxftxad apaatxm €*f fluoi^jiiatad banaaaaa 
bava baan at»4iad by Faaqgtaaoii at al«(I6fl7}« THay 
hftira aaaigaad tha fxa<|aaiiey 3^50 ea at c a t l i n g aoda 
of •ibzmtlon* Zn aaaXofy to thaaa aaai«zai«&ta tha 
atsaiwi band at X2B0 os in 1;ha laftasad apaotsttot and 
1274 aoT^ Moan apaetxuja haT<i baan aasi^ad to o»F 
atxatehia^ aoda of vlbcatlon in pasa-flttoxoaaillaa* 
3lBll«tr aaalgnaaat haa baan iiada for th i s vibration a t 
1276 Ott In Infxarad apaotriA, ISS5 oi In Baaan 
apaet»Mi and 1290 ea alaeteoaio aaiaaloa apaotxna by 
fawasrl (15) for tha aaaa aoXtoola* 
Th. l » f » » a . b . . , r . d . t 860 0.-^ h u » . .» 
aatl|[nad to 0«F out ef«>flaaa bending vibration* ?hie 
as^ignaant ia favottxad by tha aaaigi»aat of AnaariCId) 
for l-flnoxo 2t4 dinitrobani«ia aoIaottXa* 
yjbrationa of O"*^ !^  Srottpi 
Tha f4«l! atratohing fifai|uaneiaa are generally 
obeervad in tha region 350O«?50O ea*^, Svana (1) haa 
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aiitslgned tvo iiit«fi8« hmoAn at 3560 aad 5440 ea*^ to "tti* 
7^<»H strvlehlng vlbxmtloii la aill l i i** Th«rofoz«» th« 
fir«qti«nel«8 at 3400 and ?4S0 sn*^ ob8«rr«d in th« 
lnfr»7«d 8?«et>QB of pftxa-fXuoxoftalXlno haTO Doon 
aa^lgnod to !r-H atret^lng SM1O« of vibration* Tho f irst 
fnniuoaey oorxo«i>oiid8 to ajmBitrio aad lat tor oorresoondfl 
to antiajTBiMtrio «tr«tofeiii« aodo* 
l^ ho iftfrazod baad at 1635 o« aad Haaan baad at 
1618 OB hare boon asalgnod to lt«4! in«»plaaa baadizkis 
•od« of Tlbratioa* Tho laf rarod baad at 1060 oa** hao 
boon aaaigaod to f«H out^-of-plaao bwidia^ aodo of 
Tibratloa. Thoao aaaignsaata aro ia good a^rooMoat with 
thoao of Shaohidhar at a l«( l l )« Tho Ranan baad at 20$ oo 
haa boea aaaigaod to M^ torsioa vibratioa* ^ i a 
aaoigaaaat ia favearod by the aaai^aMtat of Siagh (13) 
aad Tovari (13)« 
tha iafrarad baad at 1325 est*^ haa booa aaaigaad 
to C-? atrotohia^ aodo of ritxatioa* Shaahidhar at a l*( l l ) 
hsTo aaaignod tha Q^B atrotei' iag vibxatioa at 1315 OB 
for the aaaa aoXaoulo. 
All othar bands hava booa aaoigaod aa ovarkoao aad 
ooBbiaatioa of tha fOndianaatitL Tibratioaa* 
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?li« study of ti.«ot»iiio stfaetur* md 8|>»otr» of 
oynobiRBono lias boeaoi tli« aia of sororaX ¥Dxk«xa. Tho 
apootral anailjao* by tiuo iafnur»d» Hanaa* fltiexreaoflBiea 
and aalaerion taohnlquBs haTo antabllahad oiost of tba iitodas 
of vlbratlenisi In oyoobanaena* Coinrolatioaa of apaotral 
ehangas follovln^ sabatltution of •arioos typaai In 
cynobanaana hm.rm baan attadiad by savaral vozlcare. 
Tba fundaataataL f raquaaelaa of banaon^trllaa and 
l t0 dautaxatad iaoaaxa bara baan xaportad by irarloita 
vo3tltara (X->4)» 7ha Tibsatlonal apvetxa of pajm^fluoxo-
baaaonitrlla and aata*fItiorobansoaitilXa hava baan stadiad 
In th9 iafxarad ragloa by Panday (5) and Siai^ h (6) raapae* 
ti^aly. Tha naar ultxaTlolat abaorption and infxarad 
iipaotxa of paxa-fluoxobanaonltxlla haTO b^^n atudlad by 
?af»lay at a l . ( 7 ) . ?hay bava photogzaphad tha ultzaTlolat 
abaorption apaotxaa of pajra-fLuosobanaonitrlla vapour and 
^taiiad in gvaatar deta i l . ?ha infrazad spaotrtm in tha 
i^egion 400-3000 en has alao baan xaoozdad and tha 
fundajaantale obsozrad in tha two apaotza haira baan 
corraXatad vlth tha zaspaetlra banaana aodaa* Xn tha 
uXtravioXat abaorption apaetzan of p<-fXttorobaQ«onitnXa 
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th«7 hiiv* z«port*<i th« two systtns of 1»«ad8 vlth %h« (0»0) 
l>aad8 «t 36619 and 44085 om" .^ In tlt« Iong«r wiiT«X«n£%li 
«3r0t«m igb9j hsw taktn a •ibrfttioa «% 177 OB" eorres-
poadla« to CM;H out-^f-islaao btndlnf • It haa appoaxod 
vlth a vaak intaaalty. Tho dlffaraoea batvaan tha gxound 
atata and axoitad atat!» Taluaa of th is fxa<|utnoj has gl'van 
aqual to 30 oo"^, tha atsong band at 31 oa on tha 
longar varalangth alda of tha (0,0) band haa baan taScan 
to eorraa?ond to tha • « • tnmaltlon of thla rlbration. 
fha Infvarad apaotrua of paza-nathylbanaonitxlla 
haa baan xaportad by Wllaon at al«(6) wid thay hava 
Idaatlflad #o»a of tha aedaa of vlbxatlon alao. 7ha 
Infxaxad apaotza of aata-and para-nathylbaaaonltrllaa 
hvf baan raoordad by Sinha at al*(9)« Vibcatioaal 
aasigaaanta hara baan p»po«ad on tha baala of 0^ «id 02^ 
aymiatry for nata- and pasfa-oiatliylbansoAltsllaa raapao-
t lraly . x'^ aar ultrariolat alaetxonie abaorptlon apaotxoa 
of ortho- amlnobmiaonitrlla vapour has baan sapoxtad by 
Upadhyay at al .dO)* Thieiy hava aaslgnad tha Tazioua 
f xoYUid 9tata Tlbrationi? of tha solaeula aaatmlng plannr 
(Saoaatigr md C nolnt fzoup fbr tha aolaoula. 7hay hara 
rat 
aa i^nad tha CiiH stratqfelnfi rlbratlon at 2210 oa In 
Haaan 221C on in infrazad In cceund alaotzonlo atata, 
Ita eorxaapondlng axeltad atata vibration haa baan 
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obtalnsd at 21B4 on wllih «txong Intensity in elootzonic 
absorption 39«etxu9« Dlff«r<inoo frequ«ncl03 of I9» "^^ 
and 53 os*^ haT« baan raportad. Thaaa fraquaneias hara 
baan asaignad to a transit ion batvaan a gnond stata 
•Ibriition and SOBS vibration in tha axoitad state. ?ha 
Infravad spaotxa of i sowr le dioyaaobmisanaa h&y baan 
studied by King at a l . ( l l ) . They have given the oonnXete 
aasignaents on the basis of observed vibrational frequen-
oiea in the inf »ired and Banan apeotra of the aaae ooapouMs* 
Vibrational apeotra of subistituted benaonitriles have been 
reported by Green et al»(12} in the rs^ion 50-4000 cot . 
They have glv«a the vibrational assigtuianta of the funda-
Mental vibrationa. 
teaser Baman spectra of metn«fluozoben80nitrile 
have besn recorded by ua in order to make the oottolete 
aasigxuwnte of the bands irtiieh vera reported earlier by 
3ingh et al«(6) end Orean et al*(12)« Depolarieation 
ratios have al"-© been oaHottlated eith ^ e help of 
polarised and depolarised laaer Raaan spectra of the 
aaoe aoleonle. It haa been found liiat depolarlsatlon 
ratloa a^ree vei l vith our aasignaents. 
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9a?9ll«4 by Aldrlfth ao«, H^S.A. md stst« to b« of wxy 
high iraroty. ?h« saisplo VAS liquid «t room t«9i>oratuve« 
Iiaaor Haisan spoetrA of a«ta*£Luoxobe&8oaltzlI« vas 
r«oox4«d by th« 5145 A^  lino of m opootzm Physios 
(^todsl 164) Ax^ OQ l^en aotiroo on a iisiBaa spsotxopbotMMtsr 
%dth povor 40G nW, 3Xlt width vas kept at 50 n vltii 
2 o®*^  Inteiral.* Polaritlni f 11 tar aara uoad to raeoxd 
tha Kaaan apaetra la paraxial aad parpandloiaar dlractloaa. 
Bapolarlaation ratios of tha BssiaB l ia ta hara baan oaloa--
latad alth tha halp of taaaaurad araaa of tha rlbratloaal 
bands, ^a»an * l f t t fmm 162-5090 oa*^ hara baan a^aaurad. 
Ilia traoa of tha Bsmmn apeetra ara sapxoduead in i'ig.6,1. 
Blxtaan liemsm bands hava baan objervad. Host of 
tha bands ara sharp and wall daflnad #kaxaaa sons o«sar 
bands ara leaa. Intanaa, All tha Pjwoan bands hava baan 
aaaignad tn t e m s of Tarioua fundaaantala mainly with 





lOOcrn' 1000 2000 3000 4000 
Raman spectra of m-Flourobenzonitnle (a) Polarized (b) Depolarized 
Fig.6.1 
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th« lUuMn fMquAnolts with th«Lr dcpolarlsation ratio la 
glT«n in Table 6 ,1 . 
3ECTIQN *. 3 
The BMilecuIe Bwfluoxobetisoiiitxile la a dlsubstltutad 
bensen* In whloi) two b34zx>g«i atone ara r»t>Iacad by 
fluorine aton and -C •• R group* The ooleoular atxuctur® 
of the n-fluozobeaaoaltrlle le given hfHov, 
"F \ ^ 
If ve aaattae -C « 'J group as a aiagle unit and 
i l ea in the -slane of the xlng, the nolecule a*fluoso-
beaiAnitrile would have C. aysuaeti^. Only two typea of 
Qomal Tibrationa are poaalbla. One ayraaetrio idth 
reapeot to the stoleeular plane and the other aayaoetrlc 
to i t . The 5? noxnal vlbrationa will divide into 13 
symsetrie a* typo and 10 aayenaetno a** type* All the 
vibrationa are allowed in Hamaa and infzn,red apeotra* 
the apeoies a* gives riae to polarised l ines i^l le 
apeoiea a" givea zlae to depolariaed linea in iiaaian 
aoeotrua* wi^ the help of depolarlsation satic we oan 
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!sble 6.1 t l^asar Kataan freiquenoiea of o-fluorolMmio-
n l t r l l e and t h o l r asulsnaMnt. 
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C 11 bandlni; o . p . 
C-F bwidlng o . p . 
0-C bandluit^ o»P« 
0-0 b«ndin^ 1 .0 . 
C-C-C bendin/i o . p . 
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ooaflxsa th« «xaot aoraaetxar of partleolar letode of •Ibsa.tlona. 
thorefer*t most of th« Tlbratloao and their atalgiuMiBta 
hftTO booB eoaflsB with tlio Tidttfis of dopolarLsAtion ratios* 
In aakiufi ttio as9i«na«»t« aaelatanoa Ymm b««i takon 
froB ooapariaon vith tha aaaiiiUMnt* of »<»fIuo2obafii»-> 
nitrlXa (6) and o«iar ffvtb9tit«it«4 bmseaitxllas (5»10), 
Tha Sanaa apootra of tha aolaeaXa viXl ba diaeasaad hora 
tutdar tvo aaparsla haadlqgo* 
(a) Skalaton Tibratioas i«a* Yibratioaa aaaeelatad v i ^ 
zlags* 
(b) 0rott9 "vibratioas ahiob ara doa to aabstitaanta. 
la aromatic ooapotsadst C-H atratohia« fraquaaoiaa 
appear in the raaga 3000-3100 on *• There eix C->n 
stretehiag in baasaaa idth tha f olloning aodaa of ribxation 
aig(1062), b3^^(30M), •2,(3047) aod 03^ (^3080) 
fhe last tvo aodea are doubly degenerate* la diaubRtituted 
benaanee oae nay expaet four GUH atretohian fraqcumeias. 
fhe raaainlag fraqattaaiaa wil l dapaad apoa ^ a aaaa ani 
aatura of the aubstituaats. Wi^ the laatraaaat erailabla 
i t was Bot poeaible to raaolva a l l tha four (M! atretehiag 
firequeaeieo* In the praaeat iaraatl«atloa oaly oae Uaama. 
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band va« obtsla«d at 5080 eHi'*^ «h«vlA« th« d«poIariMtlon 
xmtio 0*41 vtiioh eerr««poi3d« to •j^ ^OOBO) sod* of bonsono, 
rho four out-of^plaao Q'-n dofosBaation vhloh r««ult 
froa 2^«^ ^®5^ » • 2 « ( ^ 0 ) , •j^{B50) and ^^{611) aodaa of 
banaana ara axpaotad in tha zaoga 750-1000 GBT*' in 
aubatltmtad baiiaanaa« Xn tha pcaa«xt liiTaatiftation tha 
BMaa band at 930 on haa baan aaai«aad to O^i out of 
plana banding vltoation* thia Rtmtm Una la dapolaritad* 
fha six 0 ^ in«»9laaa banding rlbsatleaa i^leh raault fzoii 
a2^(1340), b2^(U52), aj-dlTS) and a,^^(1037) modaa of 
-1 baaaaaa ara axpaotad In tha xaa«a 1000«1500 on in 
aubatltutad banatnaa* fha •tbratlonal noda •]^^(1033) 
la lafrarad aotlra and glvas riaa to pazaUal band itfiaraaa 
a^^dlTS) la Haaan aotlra and gVft slaa to dapelaxlsad 
Hasan Una* Tha raaalnln^ vlbzatloaa art laaotlTa but 
hara baan knova dlsaotly bana«ia» In dlaubatltutad 
baasanaa l^aaa rlbxatloaa «lTa rlaa to alx 0«*H in-pluia 
banding! rlbratlon aoda <• two dua to aubatltuanta «id 
four dua to rasialnlni hjfdzoi^ oBa oa tha sla«« la tha 
praaant Inraatl^atloa tha two Baaan bands at 10S2 and 
1250 QB'*^ hava baan aoalgnad to 0«a In-plana b«idia« 
vibratlona. Thaaa tvo Baaan linaa ara ooaplataly 
polarlaad. 
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The fu2id«a«Bttl «tudl«« of b«ns«a« tiar« ihoira th« 
ft1)p«ftxanc« of a «xoap of four iMiBdlo in tho r«ii«« 
1450-1650 coa*"^  whtoh xoprooont tho ehftzaetorlstio 
skeleton otretehlng »odo« of tbo tmiifttaxmtoa C*C bonds, 
Thoeo «£• derived from the tw degenerftte e^^(I485} and 
•2||(^^^) nodes of bonsene* Xn the oubetituted bensenes 
the degeneraoies of ^ e s e aodes of Tlbratlons are renovedt 
and fbr the C sjametzyt these axe tvo diffexeot frequenoies 
eorreopondlB^ to e a ^ (orlslaaX) degeaesate aode* Xn the 
f sss«kt laTestlgatioa the only oae liaaan band was obserred 
at X610 01 and has b9«i assigned to 5^ at retching 
vibration. This Hsisan l ine i s eospletaijr polarised* fhe 
nen degenerate skeleton stretohiag aodes of 0*C bond in 
b«isenet naaeXy *]^(992) and b^^(I?10) are eacpeoted to 
glTO zise to CKC stretohis^ vibration* Ve oouXd not 
observe the Himaa band eorreaponding to these tvo nodes 
lisile 3ingh et a2.*(9) has obserred a band at I3I5 oa"*^  
in Itee infrared soeetran of •eta->flttorobensoaitrile 
eorresponding to b^ j^ C^lTIO) sMide of bensene* 
The ring defomatioa fcaq^Miieies in aabstituted 
benseaes are derived froa *2u^^^)* *2g^^^^^ "^^ a^g^ "^ '^^  
aodes of benseBe* fhe degenerate C<>0 in-plane vibration 
sp l i t s up into tvo oeaponeats* Xn ths pzesMit inves* 
tigation the fiaaan band 602 and 454 oa aa; be assigned 
to 0-C in-plane bending vibrations* These two Baaan 
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l ines art ooa?I«t«Iy polarised. 7h« Tiltzatioaa at 593 and 
520 OBT^ say ba asaianad to C-C otit-of-plaaa banding 
Tibsationa* Thaaa tvo Raaaa liaaa ava dapolairisad, 7ha 
faadaaantal at 1.003 ea**^  in tha Baman spa otsua say ba 
aasignad to 0-C ln«>plana aoda of Tibration. This Baaan 
fra^ttaney i s ewiplataly polarisad. In tha infzazad 
spaetxaa of tha aaaa neXaoula (6) ^ a band at 1010 ea" 
haa baan aasigaad to C-C in*plana biadia« »oda of 
•ibration* 
(b) ^Iffffl yi^Iittyftt* 
Oxoup Tibrationa axa daaozibad in tanui of tha 
•etioaa ^ a t tha nuelal in a stsojOt^ural gxottp in tha 
Mlaottla ttnda«go during tha Tibzation and thay appaar 
in fairly oonataat zafion in a apaetrwi* Tha naaber of 
iribratioaa aa vail aa tha poaition of tha band a ara 
dataraiaad by tha aymiatry of a nolaottla» tha aas'^ aa of 
tha atOB aaking up tha aolaoola and tha foroa oonatant 
of Ilia baoida batvaan l^a atoa* 
in tha eaaa of a-fluorobansonitrila tha Haaan band 
at 1268 mT^ haa baan aaaignad to C-? atratohiag vibration. 
:%a fundaaantal at 1140 mT^ haa aaaignad to C«C^  atr«»tohini{ 
•ibxation* Thaaa two Baaan liaaa ara polarisad* 3in«h 
at a l . (6 ) has assi4|Bad tha 0«>cri and C«-F atratdhin« 
•ibrationa at 1143 and 1263 on raapaetivaly in infrazad 
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0P«ctztta of Hhm 8«B« MOlveiil** 
For «)»mtlo ooapovaSs la vhieh tho C « M gsoup i s 
dlxwotly ftttttohod to ^ o slagt a htatA of good latonolty 
has bosa obsssrod (13) la tho rogloa 2210-2240 OB snd 
i t has booa attributtd t o C « H stxotohlag vlbratioa. In 
tho prosoat larostigatioa tho lUuisa baad at 22 ?4 oa has 
asaigasd to C « !l 8trst<^3ij|g Tlbimtloa ihlafti i s DoXarlBsd* 
Ths C-F ottt-ofoplaao iMadlag Yibzatioa 1MS b«sa 
asnlgasd at 242 oa**^  whleh i s polarisod. Ths 0*? la-plaas 
bsadiag has bssa asai^asd at 710 oa nhidi i s dspolarlasdi 
Thsss asslgnaaats acs in good agxasasat vith ths asslga-
Boats aads by saxl i sr vozksrs (X4tl5)* 
Ths 0 M ?^ ottt*-of-plaas bsadiag Tibzation has bssa 
aoslgaed at 158 en*^ in ths oaso of orkh<»aadnob«BaonitzlXs 
(10). la ths pxssaat inrsstlgatioa ths Baaaa baad at 
160 OB has bssa assigasd to 0 • H oat*of*plaas bsadii^ 
•ibxatioa which i s dspolariasd. This asaignasat i^ also 
favoarsd by ths aoaigaasats of isoBsrle dsoyaobsaasasCll). 
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C«»pa,mU7« etitd^ i s ms^m tow BimXl»r a9l«ottl«8 
bii:vlDg %im mam eubtttitiatnU o« om of tiw eul^etitiaeni 
stMHaning tilt &mi$ In a Mt of B»lL®eta«e • In tbt ps6mm% 
tli«ais «t mm g i f i i^ tb« ooffipgupison af ttm aoX«oiiIar 
vii>xutiaii» ol»erv»d in infrared a»d fiix<»iiifjn»s«d spootzet 
9f oyt^qoiooX (Uid oityd^iftlaolt infjrassd sp«otm of 
is^HMrlo iodOftnilin«»9 lasar Btta&n and infraxod si^^tt^ ^^  
artho* iftiid pasft»fXiiozoaQillao8 • fh« laoleeiOar Gtruotuz^e 
ot tbe &tx>vtt sontioatd aoXeoiaaa are i^ivcn In Fig* 7«t. 
f iid gxotmd etat« oiiaiaotejelfttie Yittr^tioai bavo been 
o9rs«X&t9d in fablae 7*1 and 7«2« In tiw fabXa 7*1 ix> aztt 
makiog tl^ 04)cspax<atiTe study of similar vis^ratiooB i s tlia 
OSmoquinoI a.r>d nitroquifi^l* Tw9 GH sub@titu«xtte ars o^roos 
in toth the oaXoaul«s f«fiisraas ittmr &\xiMtl%\mn%B Q m 1} and 
HCU ax* diff^iMc;t» wa tova found tDiu»t laost of tim ekQlaton 
vi&rt&tians for ymispXt #** ring daf^xm&tion a»^»o^pXa£»» 
a' riiig dafaxe^tion ii>»pXaQet i^ ** l>a!^ng 9Ut«K>f»pXunQf 
a** rir^ ^xae&tliii^ t ** ^^ ^ etretoliiiig a* C«>a stratohii^t 
and a-«C tax^ian vi'ii»r^tioia0 are M^ing ooar abaut the ac^ ie 
YaXuas* tim skoXatoa •i^x^Uoas baTa baan ooXXaotad in 
tiia Ta&Xa 7*1 (a) . 2h» vibrs^tiana of tba autietituaatc 
of nitroQuinoX {»nd oynoquiooX asa diffara&t dua to tho t»o 
diffarant 6ui»etituaiiti but tim vibratiojae dua to the t%jo 
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ne&r a^ut tto Brnm* /itesmtions iue %c» the tfulMititti^istft 
vibrmtios© a«©dol^t«4 %iitli irSgi S-Sl^t ^-^t ^ ^ a»^ 2-^« 
In 9Stil»«iMt»» mSA pax» * I.d#0«ni]i.ii9 t)i9 TaX«« of !UII 
^^tm^trko 0%satotilQg vl^mtiaim tef• IIMB found ^t ^fiO, 
5380 and ^^ OOfltt*^  Mepe@ti7dljr wb©S««» tlit vadidl af - . ^ 
s&^«Mitrio Til»£ut4d£# Iii4ir« hmu f a%i&4 i&t 53dO« 54^0 and 
5410 OBT^ r«8p«otiv9lj» In ortli9-iaiid p^jT^t-iatuizoaalliagi} 
tli«i vsduAii af UmB uymmttia B%r9%eM.m irlbnfctiaiis ^iro 
ibgea found «t 5530 and 5400 on*' »»ii]^eotlv92jr* f ^ ^^ .^ i^ in 
lomM 9k% 5^0 W*' in 9jr^&o»lli»>9@Mliiui im» bteo fat^d 
wiiioh ti/klso edrs»spo&ds to M«4I s^aastcie •ibj^tioa* "Sim 
UmS. 90;fim9t£le iriloxmtloae tmf l»t«ii foaiid at 5410 e^^ 
Mac »->« IB .rtho. »d pan. n»>.Q»m<». u «>» 
af i^jeum WiM^i^g ^«i iii»$yU£^ i»«aiii^ a«X «fid a«f' vibjRi^ 
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a> 0 ^ etr«tohii^ 1340 
a** Q»m dsfosBation o#$«. 266 SGO 
a*» BC^ rooking 4 » 
Oi toroioa 510 290 
a»» OM?» b«Tniln^ o,p, 450 
a* C»CII istretoMng 730 JBO 
a»» C tt S( bandlaf ©•p, 178 
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1. *Xiifr&x«d Ateorptioii spMtzvi 9t »-^iioi»liMtel« ioiA*» 
l&$iMtk i • ^um aoid 4pj^« i^ t«r«» ISU 1117 (1d«i1}» 
a. *I«&B«r lUdiMA BpMtx« of »«Fltios»bMaonitsi3yt* 
M««pt«d Xov ptt&liMtioii ia Indlmii J« F«M and Appl. Ptayt, 
f«r po&lioatioii in JdttSftal oX SoitiitlXlA EM«ide«b 
BiOians iliado Oaivcmiliy, Xndl** 
4« *lAfy@kS«4 •pMt2« 9f 1» a» 4 fstofel^fobeaseoe • 
yuMHiaWd in 49tii •niiita3. MMIOB of llftti<»»«X j»«dMgr 
of SeiOQso hold at Hagpar ia Oet* 1979. 
$• *liifXa««4 •pootvm of p>fXiiovo«o«%ophoiionOt 
p-«iaor9«ootopl»eoiio and p»Brefte«toplioxkoao 
pvooontod m 48t!i auaua. ooooioB of Satlooal mmAm^ 
of Selowo ho34 at Oanliati ia Oet* 1978* 
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The infrared absorption spectrum of /w-fluorobenzoic acid has 
been recorded in nujol inuU in the region 250-4000 cm"'. The 
assignments of the fundamentals are proposed assuming Ca 
symmetry of the molecule. 
The benzoic acid and its various derivatives have 
been studied in the region 700-4000 cm ^ by Flett'. 
The infrared spectra of benzoic, salcylic and phtha-
lic acids have also been recorded by Verma and 
Ansari.2 No spectral studies have been made on 
OT-fluorobenzoic acid (w-FB.A.). Ther.:fore, it was 
considered desirable to study its infrared spectrum 
and assign the various vibrational frequencies in the 
ground state to various normal modes of vibration. 
These vibration frequencies will be helpful to assign 
the excited state vibrations of the molecule observed 
in the electronic spectra. 
The specpure chemical used in the present investi-
gation was procured from the Koch-Light Labora-
tories Ltd and was used as such. 
The infrared absorption spectrum of m-FBA was 
recorded in nujol on a Pcrkin-Elmer double beam 
infrared spectrophotometer (Model-621) in the 
region 250-4000 cm ', under high resolution. Scan 
time was 32 min. Accuracy of frequency measure-
ment is ± J cm'^ 
The molecule w-FBA is a disubstituted benzene 
where two hydrogen atoms of benzene in 1 - and 3-
positions are replaced by COOH group and F atom 
respectively. If the group COOH is regarded as 
single mass point and if fluorine atom and COOH 
group lie in the plane of the molecule, m-FBA can 
be assumed to belong to C. point group. Apart from 
30 normal modes of benzene there will also be funda-
mental modes of vibration due to the substituents. 
The trace of the infrared spectrum of this molecule 
is produced in Fig. 1 and wavenumbers of the bands 
along with their probable assignments are given in 
Table 1. The analysis of the bands and the assign-
ments of the fundamental frequencies have been 
done on the basis of comparison with those of similar 
molecules. 
C—H stretching /r^^/wndc.?—In aromatic molecules 
C—H stretching frequencies appear in the region 
3000-3100 cm->. In the present investigation, it is 
assumed that the frequency observed at 3060 cm"' is 
due to C—H stretching vibration of w-FBA. 
C—H bending modcs—Jn the present investigation th? 
infrared bands at 1150, 1210, 1225 and 1265 cm"' 
are identified as C H in-plane bending vibration and 
the infrared bands at 765, 800, 880 and 995 cm"' are 
identified as C—H rut-of-plane bending vibration. 
Ring stretching frequencies—The four characteristic 
skeletal stretching modes of C—C bond in benzene 
are expected to give rise to six carbon stretching 
vibrations in substituted benzenes. The double 
degenerate vibrations dg (1596 cm^') and riu (1485 
cm-^) split up into two components under reduced 
symmetry. In the present study, the infrared bands 
appearing at 1455, 1485. 1570 and 1590 cm-i have 
been assigned as C—C ring stretching frequencies for 
the present molecules and correspond to doubly 
degenerate modes. 
In the present investigation C—C ring breathing 
frequency is identified at 1085 cm- \ 
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Note : Visual estimates or 
scale 0 to 10. 
i.p., in-plane; o.p., 
and Sh «= shoulder 
a" C~C ring deformation o.p. 
' C—C ring deformation i.p. 
' C—C ring deformation i.p. 
' C—C ring deformation o.p. 
' C—F bending o.p. 
' C - H bending o.p. 
C—H bending o.p. 
' C —H bending o.p. 
" C-—H bending o.p. 
' 655 + 415 
ring breathing 
• 2 X 555 
C —H bending i.p. 
C—H bending i.p. 
C^H bending i.p. 
C—H bending i.p. 
C- F stretching 
' 765 + 555 
a' C~C stretching 
a' C—C stretching 
A' 99S + 555 
a' C—C stretching 
a' C—C stretching 
^ ' 765 + 880 
a' C = 0 stretching 
A" 1295 + 415 
A' 1210 + 555 
A' 1265 + 555 
^'1150 + 800 
A' 1455 + 1210 
A' 1599+ 1265 
a' C—H stretching 
intensities have been taken on the 
out-of-plane; s, sharp; b, broad; 
C—C ring deformation vibrations—The infrared bands 
appearing at 555 and 640 cm"' are assigned to the 
components of e^g (606 cm -') mode of benzene for 
the said compound. The doubly degenerate vibra-
tion C2u(405 cm"') of benzene splits up into two 
components under reduced symmetry. However, in 
the present investigation only one frequency at 415 
cm^^ is considered the upper component of e^u (405 
cm~'). The infrared band observed at 655 cm^' has 
been assigned as out-of-plane ring deformation and 
corresponds to big (703 cm"') mode of benzene. 
C—F stretcliing modes—Infrared spectra of a number 
of mono- and di-substituted fluorine derivatives 
have been studied by Narasimham el al*. and those 
of tri- and tetra-fluorobenzene by Ferguson et al^. 
They have assigned the frequency 1250 cm ' to C—F 
stretching mode of vibration. In analogy to these 
assignments, infrared frequency observed at 1235 
cm~', which is strong in intensity, is assigned as C —F 
stretching frequency for 1-fluoro- 2;4 dinitrobenzene'; 
corresponding Raman frequency for the same mode 
is 1246 cm 1. In the present investigation we have 
assigned the frequency 1295 cm ' with strong inten-
sity observed in the infrared spectrum to the totally 
symmetric C—F stretching mode of vibration. 
C—F bending modes—The C—F bending mode has 
been studied by many workers" '". In the case of 1-
fiuoro-2:4-dinitrobenzene molecule, the C—F in-plane 
bending frequency is identified at 735 c m ' and is 
properly supported by the polarized Raman frequency 
748 cm"'. In the present investigation we have 
assigned the 750 cm"' infrared frequency as corres-
ponding to C—F in-plane mode of vibration. 
The authors are extremely grateful to Prof. MZ 
Rahman Khan for his kind interest during the course 
of the work. Financial assistance received by two of 
the authors (AR and ST) from the University Grants 
Commission, New Delhi is gratefully acknowledged. 
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